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Separate from the report for the Decision Support System of the Connecticut River watershed is this
reservoir reference appendix document. It contains information about each reservoir modeled in the
HEC-ResSim model. Information for each reservoir includes descriptions and sources of all physical and
operational parameters in the model. This appendix is to serve as the reference guide in case changes
to the model occur. It can also be used for setting up models at the sub-watershed and individual
reservoir scale.
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Ball Mountain

l. Overview

Ball Mountain

Ball Mountain Dam is a dam in Jamaica, Windham County, Vermont, in the southeastern part of the
state. It was constructed between 1957 and 1961 by the United States Army Corps of Engineers and is
owned and operated by the Corps. It is primarily used for flood control but is also used for recreation.

Figure 1 shows the location of Ball Mountain Dam as it is represented in the HEC-ResSim model. Figure

2 shows a photo of Ball Mountain Dam.
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Figure 1: HEC-ResSim Map Display Showing Location of Ball Mountain dam
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https://en.wikipedia.org/wiki/Jamaica,_Vermont
https://en.wikipedia.org/wiki/Windham_County,_Vermont

Ball Mountain

Figure 2: Photo of Ball Mountain Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3. The dam consists of
two types of outlets: (1) controlled slide gates, and (2) uncontrolled outlet, as shown in Figure 4. All
physical and operations data were provided by US Army Corps New England District, through both a
previous ResSim model and the Reservoir Regulation Team website™.

! http://rsgisias.crrel.usace.army.mil/nae/cwms_map.map_index

2



Ball Mountain

Reservoir Edit Pool
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T
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Resenvoir | ga|| Mountain - Description|

] [W][w]) 32 of 74 [ [01]
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A Ball Mountain

<% Uncontrolled Outlet

Ball Mountain-Pool

Linear Interpolation () Conic Interpolation  Initial Conic Depth (ft) l:l

Elevation Storage Area
(ft) (ac-ft) (acre)

0.00 0.00 0.00

5.00 17.00 4.00

10.00 48.00 8.00 250

15.00 75.00 12.00 2004
30.00 155.00 16.00 & 150
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[ QK ] [ Cancel ] | Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool
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R4 Dam | Elevation attop of dam (ﬂ)| 246_5|
Slide Gates
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Composite Release Capacity
Elevation | Controlled | Uncontro... Total
m (cfs) (cfs) (cfs) A7
0.0 0.0 0.0 0.0 g5 200
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110.0| 10,800.0 0.0| 10,800.0
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170.0| 13,312.5 0.0] 13,312.5
180.0| 13,650.0 0.0] 13,650.0| ~
[ OK ] [ Cancel ] | Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam



Ball Mountain

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Ball
Mountain’s “ExistingOps” operational zones, which consist of zones of Top of dam (246.5 ft), Surcharge
(236.5 ft), Flood Control (211.5 ft), Conservation (25-65 ft), and Inactive zone (5 ft).

T a C— _ — _ _ B
K71 Reservoir Editor . ﬁ

Reservoir Edit Operations Zone Rule IF_Block

Reservoir :EIaII Mountain v: Description o [E]@ 39 of T4 [E]E]

Physical| Operations | Observed Data

Operation Set :ExistingDr.}s v: Description first try; 4/6/05, waiting for marinelli‘'s final input )
Zone-Rules | I | I
wh Top of dam Storage Zone Conservation Description | Pool elevations up to normal pool [L.]

[l Slide Gate Ops - Save Dam

wA Surcharge Function of | pate
-l Slide Gate Ops

--[@ Min Flow - Flood Pool - Ball Mountain

--[@ Max Release at Ball Mountain Date Top Elevation (ft)
[l Connecticut at Morth Walpole - Linear 01Jan 35.0| - 280
- [l Connecticut at Montague - Linear 304pr 35.0
@ Flood Control 01May 250 2004
--[@ Min Flow - Flood Pool - Ball Mountain 30Jun 250 e
--[l Max Release at Ball Mountain 01.Jul 65.0 = 1504
--[@ Connecticut at Morth Walpole - Linear 303ep 65.0 %
--[l Connecticut at Montague - Linear 010ct 35.0 £ 1007
[l Max ROC Qutflow-Increasing i}
[l MAX ROC Outflow-Decreasing 50‘4
- [l Max Pool Elev ROC .
T T T T

-l Max Quiflow equals 21 day max inflow T

= JConsenvation Jan Mar May Jul Sep Mov
--[@ Min Flow Logic - Ball Mountain

[l Max Conservation Release at Ball Mountain
--[@ Connecticut at Morth Walpole - Linear

--[l Connecticut at Montague - Linear

- [l Max ROC Qutflow-Increasing

--[l MAX ROC Outflow-Decreasing -
--[l Max Pool Elev ROC
i [nactive Zone Sort Elevation

[ QK H Cancel H Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve



Ball Mountain

B. Rule lllustrations
Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops. As described in the Simulation/Verification section of the report, adjustments were made

to the operations to closer match gauge data.

:i Reservoir Editor

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir :Elall Mountain v: Description

Physical| Operations | Observed Data

Operation Set :ExistingDps

Zone-Rules | | |

|.i_| Top of dam

| Surcharge

----- @ Slide Gate Ops

----- @ Min Flow - Flood Pool - Ball Mountain
----- @ Max Release at Ball Mountain

----- [@ Connecticut at Morth Walpole - Linear
----- [@ Connecticut at Montague - Linear

| Flood Caontrol

----- @ Min Flow - Flood Pool - Ball Mountain
----- @ Max Release at Ball Mountain

----- [@ Connecticut at Morth Walpole - Linear
----- @ Connecticut at Montague - Linear

----- @ Max ROC Qutflow-Increasing

----- @ MAX ROC Outflow-Decreasing

----- [ Max Pool Elev ROC

----- @ Max Qutilow equals 21 day max inflow
|~

----- @ Min Flow Logic - Ball Mountain

----- @ Max Conservation Release at Ball Mountain
----- [@ Connecticut at Morth Walpole - Linear
----- @ Connecticut at Montague - Linear

----- @ Max ROC Qutflow-Increasing

----- @ MAX ROC Outflow-Decreasing

----- [ Max Pool Elev ROC

I.n Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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C. Rule Descriptions

1. Slide Gate Ops-Save Dam

Figure 7 shows the content of “Slide Gate Ops-Save Dam” rule. This rule represents the
maximum allowable release from Slide gates when the pool is in Top of dam zone as a function

of pool elevation.

Operation Set jExistingDps

vi Description first try; 4/6/05, waiting far marinelli's final input

Zone-Rules | | |

™ Top of dam
|
# Surcharge
----- [E Slide Gate Ops
----- [E Min Flow - Flood Pool - Ball Mountain
----- [E Max Release at Ball Mountain
---- [ Connecticut at North Walpole - Linear
----- [E Connecticut at Montague - Linear
# Flood Control
----- [E Min Flow - Flood Pool - Ball Mountain
----- [ Max Release at Ball Mountain
----- [ Connecticut at North Walpale - Linear
----- [ Connecticut at Montague - Linear
----- [E Max ROC Quiflow-Increasing
---- B MAX ROC Qutflow-Decreasing
----- [ Max Pool Elev ROC
----- B Max Qutfiow equals 21 day max inflow
@ Conservation
----- [E Min Flow Logic - Ball Mountain
----- [ Max Conservation Release at Ball Mountain
----- [ Connecticut at North Walpole - Linear
----- [ Connecticut at Montague - Linear
----- [E Max ROC Quiflow-Increasing
----- [E MAX ROC Qutflow-Decreasing
----- [ Max Paoal Elev ROC
M [nactive

Operates Release From: Ball Mountain-Slide Gates

Rule Name: | jide Gate Ops - Save Dam | Description:

8]
&
Function of |3untain-Pool Elevation, Period Average, 0.0 hr lag, 48.0 hr period

LimitType: |Maximum = | Interp” [Linear =

16,000
Elev () Release (cfs) @ 12,0001
2365 00[«| T ggopd
2385 1000.0 2o
2405 50000/ | 2 40007

2465 150000 | = —

236 238 240 242 244 245
Elew (it

[7] Period Average Limit

[ Hour of Day Multiplier

[ Day of Week Multiplier
Edi

[7] Rising/Falling Condition

[7] seasonal Variation _

-

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Slide Gate Ops-Save Dam
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2. Slide Gate Ops

Figure 8 shows the content of “Slide Gate Ops” rule. This rule represents the maximum
allowable release from Slide gates as a function of pool elevation when pool is in surcharge

zone.
Operation Set | ExistingOps v: Description first try; 4/6/05, waiting for marinelli’s final input =
Zone-Rules | | [
™ Top of dam Operates Release From: Ball Mountain-Slide Gates

“-[@ Slide Gate Ops - Save Dam
@™ Surcharge
=
[l Min Flow - Flood Pool - Ball Mountain
[ Max Release atBall Mountain
[ Connecticut at Morth Walpole - Linear
[ Connecticut at Montague - Linear
A Flood Control
- [@ Min Flow - Flood Pool - Ball Mountain
[l Max Release atBall Mountain
[ Connecticut at North Walpole - Linear
[ Connecticut at Montague - Linear
-l Max ROC Outflow-Increasing
[l MAX ROC OQutflow-Decreasing
-1l Max Pool Elev ROC
[l Max Outflow equals 21 day max inflow
# Conservation
-[@ Min Flow Logic - Ball Mountain
[l Max Conservation Release at Ball Mountain
- [l Connecticut at North Walpole - Linear
- [l Connecticut at Montague - Linear
[l Max ROC Outflow-Increasing
[l MAX ROC Qutflow-Decreasing
IE Max Pool Elev ROC
W& [nactive

Rule Name: sjige Gate Ops
Function of: yyuntain-Pool Elevation, Periad Average, 0.0 hr lag, 48.0 hr period

LimitType: [Maximum | Interp. Linear

Description:

Elev (ft) Release (cfs)
211.5 5000.0
212.0 4500.0
213.0 3000.0
214.0 1250.0
214714 0.0
236.5 0.0
2385 1000.0
240.5 5000.0
246.5 15000.0

»

16,000
12,0007
8,000

4.0007 \

L S B
210 220 230 240 250

Elev iffy

Release (cfs)

| Period Average Limit
[ Hour of Day Multiplier
[7] Day of Week Multiplier

[] Rising/Falling Condition

[7] seasonal Variation

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Slide Gate Ops
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3. Min Flow-Flood Pool-Ball Mountain
Figure 9 shows the content of “Min Flow-Flood Pool-Ball Mountain” rule. This rule shows the
minimum allowable release from dam during flood control operations.

Operation Set :Existing[)ps v: Description (firsttry; 4/6/05, waiting for marinelli's final input =]
Zone-Rules ‘ | |
W& Top of dam Operates Release From: Ball Mountain

¥ Surcharge

----- @ Slide Gate Ops

----- i)

[l Max Release at Ball Mountain

----- [ Connecticut at Morth Walpole - Linear

----- [@ Connecticut at Montague - Linear

™ Flood Control

""" [E Min Flow - Flood Pool - Ball Mountain

----- @ Max Release at Ball Mountain

[l Connecticut at North Walpole - Linear

----- [@ Connecticut at Montague - Linear

----- @ Max ROC Outflow-Increasing

[E MAX ROC Outflow-Decreasing

----- @ MaxPool ElevROC

----- @ Max Outflow equals 21 day max inflow

™ Conservation

-/l Min Flow Logic - Ball Mountain

[@ Max Conservation Release at Ball Mountain

----- [@ Connecticut at Morth Walpole - Linear
[ Connecticut at Montague - Linear

""" @ Max ROC Outflow-Increasing

@ MAX ROC Outflow-Decreasing

----- [ MaxPool ElevROC

oA [nactive

Rule Name: |Flaod Pool - Ball Mountain | Description: =

Function of |pate

LimitType: [Minimum » | Interp: Step |

180
Date Release (cfs) — 160

7 185

01Jan 170.0) ~| 5 140
01Jun 90.0 B ]
010ct 1700 = 1207
= 1007

&0

T T T T T
Jan Mar May Jul Sep Nav

[ Period Average Limit

[7] Hour of Day Multiplier

[7] Day of Week Multiplier

[ Rising/Falling Condition

Seasonal Variation Edit...

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min flow-Flood pool-Ball Mountain

4. Max Release at Ball Mountain
Figure 10 shows the content of “Max Release at Ball Mountain” rule. This rule assigns 5000 cfs
as the maximum release from dam.

Operation Set :Existingops v: Description first try; 4/6/05, waiting for marinelli's final input ]
Zone-Rules | | |
w Top of dam Operates Release From: Ball Mountain

@ Surcharge

----- B Slide Gate Ops

""" [@ Min Flow - Flood Pool - Ball Mountain
----- ®

""" [@ Connecticut at Morth Walpole - Linear
----- [@ Connecticut at Montague - Linear

# Flood Control

----- [ Min Flow - Flood Pool - Ball Mountain
----- @ Max Release at Ball Mountain

----- [E Connecticut at Morth Walpole - Linear
----- [@ Connecticut at Montague - Linear

----- [ Max ROC Outflow-Increasing

----- [l MAX ROC Outiow-Decreasing

----- @ Max Pool ElevROC

----- @ Max Outflow equals 21 day max inflow
™ Conservation

----- @ WMin Flow Logic - Ball Mountain

----- [l Max Conservation Release at Ball Mountain
----- [l Connecticut at Morth Walpole - Linear
----- [@ Connecticut at Montague - Linear

----- [@ Max ROC Outflow-Increasing

----- B MAX ROC Outflow-Decreasing

----- @ Max Pool ElevROC

o, [nactive

Rule Name: (Release atBall Mountain | Description: =

Function of: |pate

Limit Type: |Maximum | Interp: [Step |

Date Release (cfs) . 50407
01Jan 5000.0| .| £ 50207
= 5,000
5 4,980
o ]
& 4,960
T T T T T

Jan  May  Sep

| Period Average Limit

[7] Hour of Day Multiplier

[] Day of Week Multiplier
[] Rising/Falling Condition Edi

Edi

Seasonal Variation Edit...

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Release at Ball Mountain



Ball Mountain

5. Connecticut at North Walpole-Linear
Figure 11 shows the content of “Connecticut at North Walpole-Linear” rule. This rule represents
the maximum allowable release from dam as a function of previous day stage at North Walpole.
The SOP for Ball Mountain was slightly different than the other flood control dams in that it
called for an immediate reduction to 2000 cfs when a mainstem stage target was exceeded.
Then the SOP says that the outflow will be directed by the Reservoir Regulation Team. The
immediate reduction to 2000 cfs was accounted for in the rule and then 2000 cfs was used as
the maximum when applying the linear release cutback described in the Simulation/Verification
section of the report. The previous day stage was used to account for the delay that occurs
between the stage exceeding the specified target and the change in operations at the flood
control dams that occurs in reality.

Operation Set :ExistingDps v: Description |first try; 4/6/05, waiting for marinelli's final input E]
Zone-Rules | | |
wh Top of dam Operates Release From: Ball Mountain
[l Slide Gate Ops - Save Dam ) o
Rule Name: |t at Narth Walpale - Linear| Description: )|

@ Surcharge

- [l Slide Gate Ops

~-[@ Win Flow - Flood Pool - Ball Mountain
- [l Max Release at Ball Mountain

@
-l Connecticut at Montague - Linear

@A Flood Control

--[l Min Flow - Flood Pool - Ball Mountain
[l Max Release at Ball Mountain

- [l Connecticut at Morth Walpale - Linear
-l Connecticut at Montague - Linear
[l Max ROC Outflow-Increasing

- [l MAX ROC Outflow-Decreasing

--[@ Max Pool Elev ROC

- [l Max Outflow equals 21 day max inflow
@ Conservation

--[@ Min Flow Logic- Ball Mountain

-l Connecticut at Morth Walpole - Linear
[l Connecticut at Montague - Linear

- [l Max ROC Qutflow-Increasing

[l MAX ROC Outflow-Decreasing

-l Max Pool Elev ROC

M [nactive

Function of | Connecticut at North Walpole Stage, Previous Value

Limit Type: |Maximum | Interp. [Linear |

Stage (fi) Release (cfs)
0.0 5000.0
23.998 5000.0
24.0 2000.0
26.0 2000.0
27.0 1600.0
28.0 1200.0
20.0 800.0
30.0 4000
31.0 0.0
50.0 0.0

- [l Max Conservation Release at Ball Mountain

-

§,000
4,000

2,000+

Release (cfs)

(1 s s s B
0 10 20 30 40 50

Stage ()

[7] Period Average Limit
[] Hour of Day Multiplier
[7] Day of Week Multiplier

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at North Walpole-

Linear



Ball Mountain

6. Connecticut at Montague -Linear

Figure 12 shows the content of “Connecticut at Montague-Linear” rule. This rule represents the
maximum allowable release from dam as a function of previous day stage at Montague. The
SOP for Ball Mountain was slightly different than the other flood control dams in that it called
for an immediate reduction to 2000 cfs when a mainstem stage target was exceeded. Then the
SOP says that the outflow will be directed by the Reservoir Regulation Team. The immediate
reduction to 2000 cfs was accounted for in the rule and then 2000 cfs was used as the maximum
when applying the linear release cutback described in the Simulation/Verification section of the
report. The previous day stage was used to account for the delay that occurs between the stage
exceeding the specified target and the change in operations at the flood control dams that
occurs in reality.

Operation Set jExistingDps vj Description |first try; 4/6/05, waiting for marinelli‘s final input )]
Zone-Rules | | |
wh Top of dam Operates Release From: Ball Mountain

[l Slide Gate Ops - Save Dam
# Surcharge

-l Slide Gate Ops .
[H Min Flow - Flood Paol - Ball Mountain Function of | Connecticut at Mentague Stage, Previous Value

[l Max Release at Ball Mountain
- [l Connecticut at Morth Walpole - Linear

Rule Name: | cticut at Montague - Linear  Description: )

Limit Type: | Maximum v | Interp: Linear «

@ _ ooog
& Flood Control Stage (ft) Release (cfs) g 40004

~-[@ Min Flow - Flood Paol - Ball Mountain 0.0 50000| ~| o 4

[l Max Release at Ball Mountain 22893 3000.0 & 2,000

--[@ Connecticut at Nerth Walpole - Linear 23.0 2000.0 = T

[l Connecticut at Montague - Linear 26.0 2000.0 = 1 o e e B B B

I8 Max ROC Outflow-Increasing 27.0 1600.0 O 10 20 30 40 50

-l MAX ROC Outflow-Decreasing 28.0 1200.0 Stage ()

[l Max Pool Elev ROC 29.0 800.0

? Max Og.tﬂow equals 21 day max inflow gsg 408-3 [7] Period Average Limit
# Conservation . -

--[@ Min Flow Logic - Ball Mountain 50.0 0.0 [] Hour of Day Multiplier

Edi
Edi
--[l Max Conservation Release at Ball Mountain [7] Day of Week Multiplier
-l Connecticut at North Walpole - Linear o . N :
[l Connecticut at Montague - Linear [7] Rising/Falling Condition
[l Max ROC Qutflow-Increasing . -
Seasonal Variation Edi
[l MAX ROC Quiflow-Decreasing O

[l Max Pool Elev ROC
M [nactive e

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at Montague-Linear
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Ball Mountain

7. MAX ROC Outflow-Increasing
Figure 13 shows the content of “MAX ROC Outflow-Increasing” rule. This rule shows the
maximum allowable increasing release rate of change as a function of release from Ball
Mountain dam.

Operation Set ExistingOps ~ | Description first try; 4/6/05, waiting for marinelli's final input =

Zone-Rules | | I

& Top of dam Operates Release From: Ball Mountain

[l Slide Gate Ops - Save Dam
wh Surcharge
-8 Slide Gate Ops Description” )
-8 Min Flow - Flood Pool - Ball Mountain ) :
-[[ Max Release at Ball Mountain Function Of. Release -
--[H Connecticut at North Walpole - Linear
-l Connecticut at Montague - Linear
wh Flood Control Interpolate | Step -
--[l Min Flow - Flood Paol - Ball Mountain ) ) 1,100

W Max Rels_zase at Ball Mountain ) Release (cfs) Rate Change (cfs/hr) 1 000
--[l Connecticut at Morth Walpole - Linear 0.0 10000 b
-[l Connecticut at Montague - Linear

- 4000.0 1000.0

= WMax ROC Outflow-Increasing

B * 40001 500.0
-l MAX ROC Outflow-Decreasing 123456.0 5000
-l Max Pool Elev ROC
-l Max Outflow equals 21 day max inflow
@™ Conservation

[E Min Flow Logic - Ball Mountain
--[l Max Conservation Release at Ball Mountain
[l Connecticut at North Walpole - Linear 40T T T T

[E Connecticut at Montague - Linear a 60,000 120,000
-l Max ROC Outflow-Increasing Release (cfs)
-l MAX ROC Qutflow-Decreasing
I8 Max Poal Elev ROC
W™ [nactive <

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — MAX ROC Outflow-Increasing

Release Rate of Change Limit |max ROC Qutflow-Increasing

Type lIncreasing -

900+
&00
700
600
4004

Rate Change (cfs/hr)

mn

8. MAX ROC Outflow-Decreasing
Figure 14 shows the content of “MAX ROC Outflow-Decreasing” rule. This rule shows the
maximum allowable decreasing release rate of change.

Operation Set :ExistingDps v: Description first try; 4/6/05, waiting for marinelli's final input (]
Zone-Rules | I |
% Top of dam Operates Release From: Ball Mountain
‘[l Slide Gate Ops - Save Dam .
& Surcharge Release Rate of Change Limit |ax ROC Outflow-Decreasing
-l Slide Gate Ops Description: o
-/l Min Flow - Flood Pool - Ball Mountain
~[l WaxRelease at Ball Mountain Function Of. Constant -
~[l Connecticut at North Walpole - Linear ; .
[l Connecticut at Montague - Linear Type Decreasing )
# Fload Control Max Rate of Change (cfs/hr) 1600.0

-/l Min Flow - Flood Pool - Ball Mountain
@ Max Release at Ball Mountain
[E Connecticut at Morth Walpole - Linear
[ Connecticut at Montague - Linear
[l Wax ROC Outflow-Increasing
-8
[l Max Pool Elev ROC
-l Max Outflow equals 21 day max inflow
i Conservation
-/l Min Flow Logic - Ball Mountain
~[l Max Conservation Release at Ball Mountain
~[l Connecticut at North Walpole - Linear
- Connecticut at Montague - Linear
-l Wax ROC Qutflow-Increasing
[l WAX ROC Qutflow-Decreasing
1@ Wax Pool Elev ROC
Wl [nactive

Figure 14: Reservoir Editor: Operations Tab — Existing Ops OpSet — MAX ROC Outflow-Decreasing
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9. MAX Pool Elev ROC

Figure 15 shows the content of “MAX Pool Elev ROC” rule. This rule shows the maximum

allowable decreasing pool elevation rate of change.

Operation Set :ExistingE)ps -: Description first try; 4/6/05, waiting for marinelli's final input [:]
Zone-Rules | | |
& Top of dam Operates Release From: Ball Mountain
[l Slide Gate Ops - Save Dam ) -
WA Surcharge Elevation Rate of Change Limit |j1ax Pool Elev ROC
----- [§ Slide Gate Ops Description O

-[@ Min Flow - Flood Pool - Ball Mountain
----- @ MaxRelease at Ball Mountain
----- [E Connecticut at Morth Walpole - Linear

B Max Release at Ball Mountain
----- [E Connecticut at Morth Walpole - Linear
-l Connecticut at Montague - Linear
----- B Max ROC Outflow-Increasing
----- @ MAX ROC Outflow-Decreasing
@
----- @ Max Outflow equals 21 day max inflow
@ Conservation
----- [ Min Flow Logic - Ball Mountain
----- @ Max Conservation Release at Ball Mountain
-[@ Connecticut at North Walpole - Linear
----- [@ Connecticut at Montague - Linear
----- B Max ROC Outflow-Increasing
-[l MAX ROC Qutflow-Decreasing
----- I8 MaxPool ElevROC
o [nactive

Function OF | constant

----- B Connecticut at Montague - Linear Type .Decreasing
#™ Flood Control ) :
----- [ Min Flow - Flood Pool - Ball Mountain () Instantaneous

@ Period Average

Max Change of (ft) 20.0| over

24| hours

Ball Mountain

Figure 15: Reservoir Editor: Operations Tab — Existing Ops OpSet — MAX Pool Elev ROC

10. MAX Outflow equals 21 day max inflow
Figure 16 shows the content of “MAX outflow equals 21 day max inflow” rule. This rule
represents the maximum release from dam as a function of the previous 3 weeks of inflow.

Operation Set .Existingops = Description first try; 4/6/05, waiting for marinelli's final input E]
Zone-Rules | | |
& Top of dam Operates Release From: Ball Mountain
[l Slide Gate Ops - Save Dam . L
Rule Name: ; gquals 21 day max inflow | Description: m]

™ Surcharge

----- @ Slide Gate Ops

----- @ Min Flow - Flood Pool - Ball Mountain
----- @ Max Release atBall Mountain

-[@ Connecticut at North Walpole - Linear

Function of: | guntain-Poal Inflow, Period Maximum, 0.0 hr lag, 504.0 hr period

Limit Type: |Maximum v | Interp. [Linear |

----- @ Connecticut at Montague - Linear a = = = - S'DDD_
#h Flood Control EVES]) EEEEE(ES) £ 40004
----- @ Min Flow - Flood Pool - Ball Mountain 0.0 00) | &
----- W Max Release at Ball Mountain 5000.0 5000.0 @ 2,000
----- [ Connecticut at North Walpole - Linear 123456.0 5000.0 % b
-l Connecticut at Montague - Linear = 0 T T T T 1
1} 60,000 120,000

----- B Max ROC Qutflow-Increasing
@ MAX ROC OQutflow-Decreasing
----- W Max Pool Elev ROC
----- E
™ Conservation
----- [ Min Flow Logic - Ball Mountain
----- B Max Conservation Release at Ball Mountain
-[@ Connecticut at North Walpole - Linear
-[@ Connecticut at Montague - Linear
-[@ Max ROC Qutflow-Increasing
----- @ MAX ROC Outflow-Decreasing
----- B Max Pool Elev ROC
o™ [nactive e

Figure 16: Reservoir Editor: Operations Tab — Existing Ops OpSet — MAX outflow equals 21 day max

Flowy {cfs)

[7] Period Average Limit

[~ Hour of Day Multiplier
[7] Day of Week Multiplier

|| Rising/Falling Condition

[] Seasonal Variation

inflow
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Ball Mountain

11.Min Flow Logic — Ball Mountain
Figure 17 shows the content of “Min Flow Logic — Ball Mountain” rule. This rule describes a
seasonal minimum flow rule from the dam as a function of flow at Ball Mountain.

Operation Set vExisﬁngOps =) Description first try; 4/6/05, waiting for marinelli's final input )]
Zone-Rules ‘ l | |
#8 Top of dam Operates Release From: Ball Mountain
@ Slide Gate Ops - Save Dam 3 -
@ Surcharge Rule Name: | yjin Flow Logic - Ball Description: (®]
@ Slide Gate Ops '
@ Min Flow- Flood Pool - Ball Function of: | gall Mountain-Pool Net Inflow, Current Value
@ Max Release at Ball o e ;
@ Connecticut at North Walpole - Linear LimitType: | Minimum > Interp. | Linear . 7
@ Connecticut at Montague - Linear i
@ Flood Control Flow Release (cfs) 6004
@ Min Flow - Flood Pool - Ball (cfs) 01Jan 01Apr 01Jun 010ct & 5007
[@ MaxRelease at Ball 0. 0. 0. 0. 00| «| < 4009
@ Connecticut at North Walpole - Linear 89.9' 62.99 62.99: 62.99 62.99; & 3004
@ Connecticut at Montague - Linear 20, 53 53 90. 53 2 3004
@ Max ROC Outflow-Increasing 169.9: 118.99: 118.99: 90. 118.99: LETIE
@ MAXROC Outflow-Decreasing 1701 170.0 119.0 90.0 170.0 o—————+—+
@ Max Pool ElevROC 689.9 170.0 482,993 90.0 170.0
& 0 60,000 120,000
Max OU_mUW equals 21 day maxinflow 690.0 170.0 690.0 90.0 170.0
- %ﬂswﬂm : 123486.0 170.0 690.0 90.0 170.0 Flaw(cls)
Min Flow Logic - Ball
@ Max Conservation Release at Ball [7] Period Average Limit
@ Connecticut at North Walpole - Linear
[@ Connecticut at Montague - Linear [T] Hour of Day Multiplier

[@ Max ROC Outflow-Increasing [”] Day of Week Multiplier

MAX R -
g R EoCRully Deasasing [7] RisingfFalling Condtion
#N [nactive [¥] Seasonal Variation

Figure 17: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow Logic — Ball Mountain

12. Max Conservation Release at Ball
Figure 18 shows the content of “Max Conservation Release at Ball” rule. This rule represents the
maximum allowable release from Ball Mountain when the pool is in the conservation zone. This
rule is unique to Ball Mountain and Townshend.

Operation Set :ExistingOps v: Description [first try; 4/6/05, waiting for marinelli’s final input @
Zone-Rules ‘ | £ [
A Top of dam Operates Release From: Ball Mountain
[l Slide Gate Ops - Save Dam ] I
A Surcharge Rule Name: \nservation Release at Ball Description: maximum conservation release (0G)[.):

[@ Slide Gate Ops N
@ Min Flow - Flood Pool - Ball Function of. | Date

[@ MaxRelease atBall i r ; =
mit Type: | Maxi + | Interp:: -
[@ Connecticut at North Walpole - Linear LimitType: | Maximum | Interp-: | Step J

[@ Connecticut at Montague - Linear 319
& Flood Control Date Release (cfs) 1,510

@ Min Flow - Flood Pool - Ball 01Jan 15000/~ |~ 4 5054

@ MaxRelease atBall s

[@ Connecticut at North Walpole - Linear > 1,500

[@ Connecticut at Montague - Linear E 1,495+

@ Max ROC Outflow-Increasing & 14004

@ MAX ROC Outflow-Decreasing _: 5

[@ Max Pool ElevROC 1,485 T T T T

~- [l Max Outflow equals 21 day max inflow Jan  May  Sep

# Conservation

[@ Min Flow Logic - Ball [] Period Average Limit

] e

@ Connecticut at North Walpole - Linear (] Hour of Day Multiplier

[@ Connecticut at Montague - Linear [ Day of Week Multiplier

[@ Max ROC Outflow-Increasing - ) -
[ MAX ROC Outflow-Decreasing ["] Rising/Falling Condition
[@ Max Pool ElevROC Seasonal Variation

N [nactive

Figure 18: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Conservation Release at Ball
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Barkhamsted

Barkhamsted

l. Overview

Construction of Barkhamsted Reservoir and Saville Dam were completed in 1940. It is owned and
operated by the Hartford Metropolitan District Commission(MDC) and serves as the principal drinking
water source for the city of Hartford, CT.

Figure 1 shows the location of Saville Dam and Barkhamsted reservoir as it is represented in the HEC-
ResSim model, and Figure 2 shows a view from Saville Dam.

4
o
@.‘ Second Connecticut Lake_Infl
. 2

P-JJ'

O iEIarkharnsted_In

ake MeDonough_In

onnecticut atouth
n

Figure 1: HEC-ResSim Map Display Showing Location of Barkhamsted reservoir
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Barkhamsted

Figure 2: Photo of Barkhamsted reservoir

1l Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3>. The dam consists of
one controlled spillway as shown in Figure 4°.

> The Metropolitan District Hartford County, Conn. Barkhamsted Reservoir Available Capacity in Million Gallons.
1999.
3 Adamec, K. Farmington Model Documentation. University of Massachusetts, 2009.
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Barkhamsted

p
E7 Reservoir Editor

=Xy

Reservoir Edit Pool

Resenvoir | Barkhamsted

-

| Description

hysical | Operations | Observed Data

| W] 50r74|m](M]

12\ Barkhamsted

“.. 4 Spillway

Barkhamsted-Pool

Linear Interpolation

Conic Interpolation  Initial Conic Depth (ft)

Elevation Storage
(ft) (ac-ft)

Area
(acre)

490.00 24351.59

491.00 2540628

492.00 26671.66

493.00 2788080

494.00 2912370

49500 3040036

540

496.00 31680.08

m

497.00 33015.05

520

498.00 34350.22

Elev ()

500

4499.00 3573408

500.00 37136.56

40T T T T T T

501.00 3856972

50,000

502.00 40039.72

L4 Stor (ac-)

503.00 4156575

160,000

504.00 43090.19

540

505.00 44652.25

506.00 46241.93

520

507.00 47865.37

Elev ()

508.00 49522.57

500

509.00 51198.18

480

510.00 52907.55

511.00 54641.47

Area (undef)

512.00 56409.14

513.00 58210.58

514.00 60039.63

515.00 61893.24

516.00 63774.46

517.00 65683.21

T T
2 4 6 8

10

Apply

Figure 3: Reservoir Editor -- Physical Tab -- Pool

-
n Reservoir Editor

==

Reservoir Edit Dam

Resenoir | Barkhamsted

-

Description

Physical | Operations I Obsenved Data

] [M](a]) 5074 ]n]

@ Spillway

Barkhamsted-Dam

Elevation attop of dam (ft) s4a.0

Length attop of dam (ft) 1850.0

Composite Release Capacity

Elevation Controlled | Uncontro... Total

) (cfs) (cfs) (cfs) 5463
530.0 0.0 0.0 0.0l 5 5407
531.0 800.0 0.0 800.0| T & 5447
532.0( 2,000.0 0.0 2,000.0] & 3
533.0| 3,200.0 0.0/ 3,200.0 ST T T T T
534.0) 5,000.0 0.0| 5,000.0 U0
535.0| &,000.0 0.0/ 8,000.0 Flowe
536.0( 11,000.0 0.0] 11,000.0 (cfs)
537.0[ 13,200.0 0.0] 13,200.0
538.0( 16,000.0 0.0 16,000.0
$39.0( 17,500.0 0.0] 17,500.0
540.0( 18,800.0 0.0] 18,2800.0
545.5| 24,000.0 0.0] 24,000.0

Apply

Figure 4: Reservoir Editor -- Physical Tab -- Dam
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Barkhamsted

lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Barkhamsted’s
“Existing Ops” operational zones, which consist of the zones Top of Dam (549 ft), Conservation (530 ft),
and Inactive (490 ft)*.

— i
:I Rezervoir Editor ﬁ

Reservoir Edit Operations Zone Rule IF_Block
Resenvoir :Earkhamsted .,: Description | [W][a] 5074 | ][]
-Ehysical Operations | Observed Data
Operation Set | Existing Ops w |Description |Fron UMass Farmington notes: After the Mepaug Dam [:]
Zone-Rules | | I
#m Top of Dam - -
Consenvation
' Storage Zone Description [:]
#h [nactive Function of Date
Date Top Elevation (ft)
340
01Jan 530.0| »
540
530
E 520
5
w210
o
o 500
4490
4807 I I I I I
- Jan Mar May Jul Sep Rov
Zone Sort Elevation
OK l ’ Cancel Apply
W A

Figure 5: Reservoir Editor -- Operations Tab — Existing Ops OpSet

B. Rule lllustrations

The operation set for Barkhamsted has no operating rules, making it a through flow reservoir. The pool
elevation will remain at the top of conservation unless the inflow exceeds the total release capacity.
There is a water supply time series associated with Barkhamsted described in the Water Supply section
of the report.
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Barre Falls

Barre Falls

l. Overview

The Barre Falls Dam is a dam in Barre, Massachusetts on the Ware River. It was constructed between
1956 and 1958 by the US Army Corps of Engineers and is still owned and operated by the Corps. It is

primarily used for flood control but is also used for recreation.

Figure 1 shows the location of Barre Falls Dam as it is represented in the HEC-ResSim model. Figure 2

shows a photo of the dam.

gane Falls Dut to Ware+EB Ware

onnecticut at ftouth = £
I

Barre Falls

Blare Falls_In

CHP_Flaodplaini

Figure 1 HEC-ResSim Map Display Showing Location of Barre Falls dam
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Barre Falls

Figure 2: Photo of Barre Falls Dam.

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3. The dam consists of
two types of outlets: (1) controlled Outlet, and (2) uncontrolled spillway, as shown in Figure 4. All
physical and operations data were provided by US Army Corps New England District, through both a
previously created ResSim model and the Reservoir Regulation Team website®.

* http://rsgisias.crrel.usace.army.mil/nae/cwms_map.map_index
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Barre Falls

(o

i c
K Reservoir Editor

Reservoir Edit Pool

Resenvoir | garre Falls ~ | Description

0] () o orza @)

Physical | Operations | Observed Data|
A: Barre Falls Barre Falls-Poal
R Pool
7 Dam @ Linear Interpolation (7 Conic Interpolation  Initial Conic Depth (ft)
4 Controlled Outlet
i Q Spillway Elevation Storage Area
(ft) (ac-ft) (acre)

770.00 0.00 0.00] = 8107
771.00 15.00 20.00] | &00
772.00 60.00 50.00 = 7904
Traol 25000 w000l & 7807

3 L B = w —
775.00 340.00 125.00 7707
776.00 490.00 160.00 e
777.00 70.00 180.00 ' '
778.00 880.00 215.00 Stor (ac-f)
779.00 1120.00 24500 8107
780.00 1390.00 280.00 200
781.00 1700.00 320.00 & 7907
782.00 2050.00 360.00 S
753.00 2430.00 390.00 o 7807
784.00 2850.00 430,00 770 I
785.00 3300.00 460.00
786.00 3790.00 500.00 g Y g
787.00 4320.00 540.00 Area (acre)
788.00 4900.00 580.00 _

o0 nn EEAN QN F=LsTuMalal
ok |[ cancel Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

' - ™
m Reservoir Editor u

__-_—

Reservoir Edit Dam

Resenvoir | Barre Falls ~ | Description

0] [ s0or74 ()00

Bhysical | Operations | Observed Data|
A\ Barre Falls Barre Falls-Dam
- Elevation attop of dam (ft) .
@ Controlled Outlet | 830.0|
Q Spillway Length at top of dam (ft) | 885.0|
Composite Release Capacity
Elevation Controlled Uncontrolled Total

() (cfs) (cfs) (cfs) 03
770.0 0.0 0.0 0.0|«| § 820
T71.0 212.0 0.0 212.0) 7| F & 8007
772.0 164.0 0.0 a62.0| | B 7803
773.0 744.0 0.0 744.0|F BT T T
774.0 1,194.0 0.0 1,194.0 0 20000
775.0 1,626.0 0.0 1,626.0]— Flow
776.0 1,818.0 0.0 1,818.0 (cfs)
778.0 2,070.0 0.0 2,070.0
780.0 2,256.0 0.0 2,256.0
785.0 2,634.0 0.0 2,634.0
790.0 2,894.0 0.0 2,894.0
793.0 3,000.0 0.0 3,000.0
807.0 3,000.0 0.0 3,000.0
B08.0 3,000.0 300.0 3,300.0
£09.0 3,000.0 600.0 3,600.0| _

OK ] ’ Cancel Apply
—

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Barre Falls

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Barre Falls’s
“Existing Ops” operational zones, which consist of zones of Surcharge (830 ft), Flood Control (807 ft),
Conservation (772-776 ft), and Inactive zone (770 ft).

rn Reservoir Editor — - I — ﬁﬁ
Reservoir Edit Operations Zone Rule IF _Block
Reservoir :Elarre Falls .: Description ) (W[« 50 0f 74 ] [M]
Operations | Opserved Data
Operation Set :Existing Ops v: Description [:]
| Zone-RuIes| | | |

Surcharge i
ﬂ a Storage Zone Conservation Description 8
------ [l Gate Ops to Save Dam

s Flood Control

Function of | pate
---- B Maximum Controlled Release Define...

----- @ ABF Minimum Release during FC Ops

----- [@ Connecticut at Montague - Linear Date Top Elevation (ft) 240
----- [@ Connecticut at Hartford - Linear 01Jan T76.0| »
----- B Max ROC Quiflow-Increasing 31Mar 776.0( 830
----- [E Max ROC Qutflow-Decreasing 01Apr 7720 220
----- [E Max Pool Elev ROC 30N 772.0 £ 810
----- (W Max Outflow equals 21 day max Inflow || |01Dec 77602 < -

_JConservation | &
----- B Maximum Confrolled Release B 7807
----- [E Min Flow Logic - Barre Falls W 7a0q ]
""" [E Connecticut at Montague - Linear bl 770 .
----- [@ Connecticut at Hartfard - Linear 2800 | | | | |
----- [ Max ROC Outflow-Increasing i Jan Mar May Jul Sep Nov
----- @ Max ROC Outflow-Decreasing

----- B Max Pool Elev ROC
o [nactive

Zone Sort Elevation

’ 0K ” Cancel ” Apply

= e —

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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Barre Falls

B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops. As described in the Simulation/Verification section of the report, adjustments were made
to the operations to closer match gauge data.

:i Reservoir Editor

Reservoir Edit Operations Zone Rule IF_Block

Resenoir garre Falls ~ | Descrip

Physical | Operations | Opserved Data

Operation Set :Existing Ops

Zone-Rules | | |

e

-

|

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

Surcharge

Flood Control

[B Maximum Controlled Release

(B ABF Minimum Release during FC Ops
[B Connecticut at Montague - Linear

[B Connecticut at Hartford - Linear

(B Max ROC Quiflow-Increasing

(B Max ROC Quifiow-Decreasing

W Max Pool Elev ROC

(B Max Qutflow equals 21 day max Inflow

L Jconservation|

[B Maximum Controlled Release

(@ Min Flow Logic - Barre Falls

[B Connecticut at Montague - Linear
[B Connecticut at Hartford - Linear
(B Max ROC Quiflow-Increasing

(B Max ROC Quifiow-Decreasing
W Max Pool Elev ROC

Inactive
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C. Rule Descriptions

1. Gate Ops to Save Dam

Figure 7 shows the content of “Gate Ops to Save Dam” rule. This rule represents the maximum
allowable release from controlled outlet as a function of pool elevation when the pool is in

surcharge zone.

Operation Set :Existing Ops v: Description E]
Zone-Rules | | |
wh Surcharge Dperates Release From: Barre Falls-Controlled Qutlet
i | Gate Ops to Save Dam ] L
B Flood Control Rule Name: | Gate Ops to Save Dam Description: 2

[l Maximum Controlled Release

-[@ ABF Minimum Release during FC Ops
-[@ Connecticut at Montague - Linear
[l Connecticut at Hartford - Linear

[l Max ROC Outflow-Increasing

-[@ Max ROC Qutflow-Decreasing

-[l Max Pool Elev ROC

[l Max Outflow equals 21 day max Inflow
@ Conservation

[l Maximum Controlled Release

[l Min Flow Logic - Barre Falls

[l Connecticut at Montague - Linear

- [l Connecticut at Hartford - Linear

[ Max ROC Qutflow-Increasing

-[@ Max ROC Outflow-Decreasing

-l Max Pool Elev ROC

o [nactive

Function of. | _pgal Elevation, Period Average, 0.0 hr lag, 48.0 hr period

Limit Type: |Maxi. - Interp: [Li. |
Elev (f) Release (cfs)

807.0 1000.0( «
808.0 T00.0
808.0 400.0
810.0 G60.0
813.0 1060.0
816.0 1860.0
818.0 3440.0
830.0 3440.0

-

3,000 ]
20007
10007
o T T T T

210 215 a0 818 230
Bew (ft)

Release (zfs)

[7] Period Average Limit
[] Hour of Day Multiplier

[7] Day of Week Multiplier

[ Rising/Falling Condition
[7] Seasonal Variation Edit...

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet —Gate Ops to Save Dam
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2. Maximum Controlled Release

Figure 8 shows the content of “Maximum Controlled Release” rule. This rule shows the
maximum release from controlled outlet.

Operation Set :Existing CQps v: Description

Zone-Rules | | |

#h Surcharge

------ [E Gate Ops to Save Dam : iption:
BB Flood Gontro Rule Name: |jmum Controlled Release | Description:

---- [~ §Maximum Confrolled Release

Operates Release From: Barre Falls-Controlled Qutlet

Function of: |pate

Ly,

----- [E ABF Minimum Release during FC Ops Define...
----- [ Connecticut at Montague - Linear - r 1 r .
Limit Type: i Interp.:
----- [ Connecticut at Hartford - Linear P |Maxi.. » P-|St. - © oo
----- [E Max ROC Qutflow-Increasing w o
----- @ Max ROC Qutflow-Decreasing SEE Release (cfs) 2 g004
----- @ Max Pool ElevROC 01Jan 10000] « | & &o0
----- W Max Outflow equals 21 day max Inflow || |01May 500.0 &  am — T T
# Conservation 01MNov 1000.0 Jan MEr MEy  Jul Sep Mow

----- [E Maximum Controlled Release
----- [E Min Flow Lagic - Barre Falls

7] Period Average Limit
----- | Conned!cut at I'v10ntague—lL|near [7] Hour of Day Multiplier
----- [E Connecticut at Hartford - Linear
----- [E Max ROC Qutflow-Increasing [7] Day of Week Multiplier

----- [B Max ROC Outflow-Decreasing in

m

[ Max Pool Eley ROC [7] Rising/Falling Condition m
..... y
o [nactive i Seasonal Variation Edit...

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Maximum Controlled Release

3. ABF Minimum Release during FC Ops

Figure 9 shows the content of “ABF Minimum Release during FC Ops” rule. This rule assigns a 30
cfs release from the dam during flood control operations.

Operation Set :Existing Ops v: Description &)

Zone-Rules | | |

#& Surcharge Operates Release From: Barre Falls-Controlled Qutlet

[ Flood Control Rule Name: m Release during FC Ops Description: E]
----- @ Maximum Controlled Release . .
----- B Gy || Function of |Date

----- [ Connecticut at Montague - Linear

Limit Type: | Mini - | Interp: (L |
----- B Connecticut at Hartford - Linear = i : P- | :

----- B Max ROC Outflow-Increasing g T87

----- B Max ROC Qutflow-Decreasing — Release (cfs) £ 3001

----- @ Max Pool Elev ROC 01.Jan 300] - | & 2984

----- [l Max Outflow equals 21 day max Inflow &£ 396 i i i i i
@ Conservation Jan MBr MEy  Jul Sep Mow

----- @ Maximum Confrolled Release

----- @ Min Flow Logic - Barre Falls [ Period Average Limit

Edi
----- [l Connecticut at Montague - Linear -
Hour of Day Multiplier Edi
----- @ Connecticut at Hartford - Linear 0 ¥ P
Edi
di

----- [l Max ROC Quiflow-Increasing [] Day of Week Multiplier

""" 00 Olfem Secneck = mensraingCanion
_____ ,

M [nactive S Seasonal Variation Edit...

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — ABF Minimum Release during FC Ops
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4. Connecticut at Montague-Linear
Figure 10 shows the content of “Connecticut at Montague-Linear” rule. This rule represents the
maximum allowable release from the dam as a function of the previous day stage at Montague.
The previous day stage was used to account for the delay that occurs between the stage
exceeding the specified target and the change in operations at the flood control dams that
occurs in reality.

Cperation Set iExisting Ops 'i Description [:]
Zone-Rules | I |
wh Surcharge Operates Release From: Barre Falls
[l Gate Ops to Save Dam _ N
B Flood Control Rule Name: | cficut at Montague - Linear | Description: (]
----- [E Maximum Controlled Release )
..... [E ABF Minimum Release during FC Ops || TUMEION OF | Connecticut at Montague Stage, Previous Value
----- I—RConnecticut at Montague - Linear - r 7 r 7
Limit Type: i - | Interp. |Li.. =
----- [B Connecticut at Hartford - Linear - = : P ke 4 . 1,200,000
----- [E Max ROC Outflow-Increasing ﬁ 200,000
----- @ Max ROC Outflow-Decreasing 2LE Release (cis) % 400,000
----- B Max Pool Elev ROC 0.0 1000000.0| - | 2 i
----- B Max Outflow equals 21 day max Inflow 25.99 1000000.0 = 0 £ 10 15 20 25 30 35 40 45 50
s Conservation 28.0 1000.0 Stage (ft)
----- @ Maximum Controlled Release 270 800.0
----- @ Min Flow Logic - Barre Falls 28.0 600.0 [C| Period Average Limit _
----- [E Connecticut at Montague - Linear 28.0 4000 S
----- [B Connecticut at Hartford - Linear 300 200.0 [ Hour of Day Multiplier
----- W Max ROC Outflow-Increasing 21.0 20.0 [C] Day of Week Multiplier
..... g ; 0.0 30.0
g :“::: Efjgzzﬂgggecreas'”g [ Rising/Falling Condition
..... '
oM [nactive T[] 8easonal Variation Edit...

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at Montague-Linear
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5. Connecticut at Hartford-Linear
Figure 11 shows the content of “Connecticut at Hartford-Linear” rule. This rule represents the
maximum allowable release from dam as a function of previous day stage at Hartford. The
previous day stage was used to account for the delay that occurs between the stage exceeding
the specified target and the change in operations at the flood control dams that occurs in

reality.

Operation Set :Existing Cps

v: Drescription

Zone-Rules | | |

wh Surcharge
[l Gate Ops to Save Dam

™ Flood Control

----- [@ Maximum Controlled Release

""" [@ ABF Minimum Release during FC Ops

""" [@ Connecticut at Montague - Linear

----- R Connecticut at Hartford - Linear

""" [E WMax ROC Outflow-Increasing

----- [@ Max ROC Qutflow-Decreasing

----- [E MaxPool Elev ROC

----- @ Wax Qutflow equals 21 day max Inflow

| Conservation

""" [@ Maximum Controlled Release

----- @ Min Flow Logic - Barre Falls

""" [ Connecticut at Montague - Linear

----- [@ Connecticut at Hartford - Linear

""" [@ Wax ROC QOutflow-Increasing

----- [@ Max ROC Qutflow-Decreasing

----- @ MaxPool Elev ROC

[ [nactive

Operates Release From: Barre Falls

Rule Name: ecticut at Hartford - Linear| Description:

Function of: | Connecticut at Hartford Stage, Previous Value

Limit Type: |Maxi. | Interp: [Li. -
Stage (ft) Release (cfs)

0.0 1000000.0( »

17.89 1000000.0

18.0 1000.0

19.0 200.0

200 600.0

21.0 400.0

220 2000

230 30.0

50.0 300

-

Releasze (ofs)

1,200,000

00,000
400,000 -

1]

Define...

T 17T 1 1
0 5 10 15 20 25 3

Stage (ft)

[ Period Average Limit
[~ Hour of Day Multiplier
[7] Day of Week Multiplier

[ Rising/Falling Condition

[T Seasonal Variation

LI
35 40 45 40

B

Edit...

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at Hartford-Linear
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6. Max ROC Outflow-Increasing
Figure 12 shows the content of “MAX ROC Outflow-Increasing” rule. This rule shows the
maximum allowable increasing release rate of change as a function of release from Barre falls

dam.

Operation Set | Existing Ops + | Description [:]
Zone-Rules | | |
w& Surcharge Operates Release From: Barre Falls-Controlled Qutlet

[l Gate Ops to Save Dam -
[ Flood Control Release Rate of Change Limit Max ROC Qutflow-Increasing

[l Maximum Controlled Release Description: o

- [@ ABF Minimum Release during FC Ops i :

-[@ Connecticut at Montague - Linear Function Of. | Release —

[l Connecticut at Hartford - Linear T . - . 160

- 1pe nereasing -

[l Max ROC Qutflow-Decreasing Interpolate  [Lingar v| o 1407

[l Max Pool Elev ROC ] ) < 1204

[l Max Outflow equals 21 day max Inflow Release (cfs) Rate Change (cfsl... k=)
# Conservation 0.0 1500 «| = 1004

[l Maximum Controlled Release B00.0 1500 ]

-[@ Min Flow Logic - Barre Falls 5001 =00l 5 B0

[l Connec’[!cutat Montague—lLlnear 123456 0 ool | & G-

[l Connecticut at Hartford - Linear | x

- [@ Max ROC Outflow-Increasing A0 — T
[l Max ROC Qutflow-Decreasing i} 60,000 120,000
| I'u1gx Pool Elev ROC Release (cfs)
™ [nactive o

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet -MAX ROC Outflow-Increasing

7. Max ROC Outflow-Decreasing
Figure 13 shows the content of “MAX ROC Outflow-Decreasing” rule. This rule shows the
maximum allowable decreasing release rate of change.

Operation Set jExisting Ops vj Description E]
Zone-Rules | I |
## Surcharge Operates Release From: Barre Falls-Controlled Qutlet
[l Gate Ops to Save Dam o
A Flood Control Release Rate of Change Limit |pax ROC Qutflow-Decreasing
[l Maximum Controlled Release Description: ™
[l ABF Minimum Release during FC Ops _ :
[l Connecticut at Montague - Linear Function Of. Constant -
[l Connecticut at Hartford - Linear : _ :
-[l Max ROC Qutflow-Increasing Type Decreasing \
My 1axROC Outflow-Decreasing Max Rate of Change (cfsihr) 300.0

[l Max Pool Elev ROC

[l Max Outflow equals 21 day max Inflow
s Conservation

[l Maximum Controlled Release
[l Min Flow Logic - Barre Falls

[l Connecticut at Montague - Linear
[l Connecticut at Hartford - Linear
[l Max ROC Quiflow-Increasing
[l Max ROC Qutflow-Decreasing
[l Max Pool ElevROC

o™ [nactive

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — MAX ROC Outflow-Decreasing
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8. Max Pool Elev ROC

Figure 14 shows the content of “Max Pool Elev ROC” rule. This rule shows the maximum
allowable decreasing pool elevation rate of change.

Operation Set | Existing Ops ~ | Description o
Zone-Rules | | |
w& Surcharge Operates Release From: Barre Falls
[l Gate Ops to Save Dam i .
A Flood Contral Elevation Rate of Change Limit | pax Pool Elay ROC
[l Maximum Controlled Release Description C]

- [@ ABF Minimum Release during FC Ops
[l Connecticut at Montague - Linear
[l Connecticut at Hartford - Linear

[l Max ROC Outflow-Increasing

[l Max ROC Qutflow-Decreasing

=

[l Max Outflow equals 21 day max Inflow
@ Conservation

[l Maximum Controlled Release

[l Min Flow Logic - Barre Falls

[l Connecticut at Montague - Linear
[l Connecticut at Hartford - Linear

[l Max ROC Outflow-Increasing

[l Max ROC Quiflow-Decreasing

[l Max Pool Elev ROC

M [nactive

Function Of: 'anstam

Type :Decreasing

") Instantaneous
@ Period Average

Max Change of (i) 5.0 Over

24| hours

Figure 14: Reservoir Editor: Operations Tab — Existing Ops OpSet —Max Pool Elev ROC

9. Max Outfow equals 21 day max inflow
Figure 15 shows the content of “Max Outflow equals 21 day max inflow” rule. This rule
represents the maximum release from dam as a function of the previous 3 weeks of inflow.

Operation Set :Existing Ops

v: Description

Zone-Rules | | |

™ Surcharge
[l Gate Ops to Save Dam
# Flood Control
[l Maximum Controlled Release
--[@ ABF Minimum Release during FC Ops
--[@ Connecticut at Montague - Linear
--[ll Connecticut at Hartford - Linear
- [l Max ROC OQutflow-Increasing
-l Max ROC Qutflow-Decreasing
--[@ Max Pool Elev ROC
@
™ Conservation
--[l Maximum Controlled Release
-[@ Min Flow Logic- Barre Falls
--[ll Connecticut at Montague - Linear
--[@ Connecticut at Hartford - Linear
--[@ Max ROC Outflow-Increasing
--[@ Max ROC Qutflow-Decreasing
--[@ Max Pool Elev ROC
o [nactive

QOperates Release From: Barre Falls

Rule Name: |r equals 21 day max Inflow | Description:

Function of;

Limit Type: :Maxi... v: Interp.::Li__, v:

i-Pool Inflow, Period Maximum, 0.0 hrlag, 504.0 hr period

Flow (cfs) Release (cfs)
0.0 00 «
500.0 500.0
1000.0 1000.0
123456.0 123456.0

-

&
[

120,000
20,0004
40,000 5

0

Release (efs)

T T T T T T
1] 40,000 80,000 120000
Flow fofs)

[7] Period Average Limit Edit.

"] Hour of Day Multiplier
7] Day of Week Muttiplier
[ Rising/Falling Condition
[7] seasonal Variation Edit...

Figure 15: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Outflow equals 21 day max

inflow
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10.Min Flow Logic-Barre Falls
Figure 16 shows the content of “Min Flow Logic-Barre Falls” rule. This rule describes a seasonal
minimum flow rule from controlled outlets as a function of inflow at Barre falls.

Operation Set jExisting Ops vj Description [:]
Zone-Rules | | |
wh Surcharge Operates Release From: Barre Falls-Controlled Qutlet
[l Gate Ops to Save Dam ) o
I Flood Control Rule Name: |in Flow Lagic - Barre Falls | Description: )|
----- [E Maximum Controlled Release .
..... [E ABF Minimum Release during FC Ops| | TUNEUON oF | Barre Falls-Pool Net Inflow, Current Value
----- [E Connecticut at Montague - Linear - r 1 r 1
Limit Type: ini ~ | Interp. | Lj -
----- [ Connecticut at Hartford - Linear Mit TYRe- | Minimum | IMETP- |Lineae .
----- [ Max ROC Qutflow-Increasing 2007
----- [B Max ROC Outflow-Decreasing T SERECE(GE) ‘3."' 100
----- [ Max Pool Elev ROC (=) | p1Jan | 014pr | 01un | 010a g
----- @ Max Qutflow equals 21 day max Inflow 0.0 0.0 0.0 0.0 00| .| = o H '40'000 U a0 'DDD '1201000
wh Conservation 20.99 20.993] 20.993[ 20993 20.993 ' ' '
----- @ Maximum Controlled Release 300 210 210 30.0 210 glolicis)
""" | Jilin Flow Logic - Barre Falls 5499 38403 38493 300/ 33493 ) o
----- @ Connecticut at Montague - Linear 550|550 285 300 55.0 [] Period Average Limit
""" g ﬁﬂn;emdécgf?;'*arlffﬂrd-L_inear 21999  550] 153.093 30.0 55.0(=| 7] Hour of Day Multiplier
""" viax utfow-increasing 220.0 55.0 220.0 30.0 55.0
""" @ Max ROC Outflow-Decreasing 123456.0 550/ 2200 300 55.0 [C] Day of Week Multiplier
----- [E Max Pool Elev ROC . . ” i
Rising/Falling Condition Edit...
o™ [nactive & O g g
Seasonal Variation Edit...
1| m | » = -

Figure 16: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow Logic-Barre Falls
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Bashan

l. Overview

The dam was constructed in 1939 and is used for recreation. It is owned by the state of Connecticut and
is under the control of the Department of Environmental Protection. The lake area is 276 acres, about
21% of the its total drainage area. In 2011, funds were allocated to repair the dam and to decrease the
risk of the dam overtopping during a flood event.

Figure 1 shows the location of Bashan reservoir as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Bashan Dam.

O’%"g <
&’%)’ |

R
fﬁ'ﬁ'" §
b _Floodplain10

Bashan Lake

ashan Lake_0Out

Bashan Lake_In

onmecticut-at kouth £ =

Figure 1: HEC-ResSim Map Display Showing Location of Bashan Dam
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Figure 2: Aerial photo of Bashan Lake Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°. The dam consists of
three different outlets: (1) an uncontrolled spillway, (2) an uncontrolled right embankment, and (3) an
uncontrolled left embankment as shown in Figure 4. These three uncontrolled were modeled as weirs,
with data shown in Table 1°.

> Provided by the operators of Bashan
®wmMcC Consulting Engineers. Preliminary Design Report. Newington, CT 2012.
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1 Reservoir Editor

e =)

Reservoir Edit Pool

I Resenvair [Elashan Lake

v] Description |

| W)(a] 55 0174 | ][m)

Physical | pperations | Observed Data,

A %Lake Bashan Lake-Pool
00
E vg'm " Linear Interpolation ) ConicInterpolation  Initial Conic Depth (fi) |:|
spillway
< Right Embankment Elevation Storage Area
<> Left Embankment - s s
375.00 0.00 -
376.00 291.00 B
378.00 874.00
380.00 1457.00
382.00 2040.00
384.00 2623.00
386.00 3206.00
388.00 3770.00 4807
389.40 4100.00 P
390.00 4440 00 £ 407
39050 4590.00 i 400
391.00 4750.00 b
391 50 4020.00 L B0+
392.00 5080.00 0 Ay Ay
392,50 5250.00 Stor (ae-fi)
393.00 5400.00
393.50 5580.00 480
394.00 5760.00 P
39450( _ 5830.00 £ 107
395.00 6100.00 Z 4004
395.50 6280.00 B
396.00 6460.00 o011
396 50 6650.00 0 100 200
397.00 6840.00 Area (acre)
397.50 7020.00 P
393.00 7200.00
398.50 7400.00
399.00 7580.00
39950 7760.00
400.00 7963.00
487.50 4147550

IEigure 4: Reservoir Editor -- Physical Tab -- Dam

L =
Figure 3: Reservoir Editor -- Physical Tab -- Pool
- N
[ Reservoir Editor e ) ]
Reservoir Edit Dam
f Reservmr[gasha" Lake -l Descriptianl [:]l [W][«] 55 0174 [[](m]
Bhysical Eperauons | Observed Datal
|4 Bashan Lake Bashan Lake-Dam
P &) Pool
o] Elevation attop of dam (1)
<> spillway
----- <> Right Embankment Length at top of dam (f}
&y Left Embankment
Composite Release Capacity
Elevation | Controlled | Uncontrol... Total
(Mt (cfs) (cfs) (cfs) . as72]
226.0 0.0 0.0 0.0/ | § B
186.2 0.0 5.5 5.5 | § g 48667
486.3 0.0 15.7 15.7) | B 7 48803
186.4 0.0 28.8 28.8 TTTTTTTT
186.6 0.0 423 423 0 80 160
186.8 0.0 £1.9 6.9 Flan
226.3 0.0 21.4 2l.4 (cfs)
487.0 0.0 102.6 102.6
187.2 0.0 125.4 125.4
487.3 0.0 141.5 141.5
487.3 0.0 145.0 145.0) =
487.3 0.0 148.8 148.8
487.4 0.0 150.7 150.7
487.4 0.0 152.8 152.8
487.4 0.0 157.0 157.0
487.4 0.0 161.3 161.3
487.4 0.0 163.6 163.6
487.4 0.0 165.3 165.3
487.4 0.0 165.9 165.9
427.4 0.0 168.4 162.4
487.4 0.0 170.9 170.9
427.4 0.0 173.5 173.5
487.5 0.0 176.2 176.2
227.5 0.0 176.3 178.3
487.5 0.0 181.6 181.6
187.5 0.0 184.4 184.4
487.5 0.0 187.2 187.2
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Table 1: Weir Data

Outlet Elevation (ft) Weir Coef. Length (ft)
Spillway 486 33 28.9
Right Embankment 487.4 3.3 30.0
Left Embankment 487.3 33 30.0

lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 4 shows the definition of Bashan’s
“Guide Curve” operational zones, which consist of the zones Flood Control (487.5 ft), Conservation (486
ft), and Inactive (400 ft). The zone elevations were based off the top of the elevation-storage curve and
the spillway outlet elevation.

I ~
K1 Reservoir Editor - r— - - . @
Reservoir Edit Operations Zone Rule IF_Block
Resernvoir :Bashan Lake v: Description o E@ 55 of 74 @@
-Ehysical Operations | Observed Data
Operation Set :Guide Curve v: Description E]
Zone-Rules | |
# Flood Control . -
Conservation
‘ Storage Zone Description D
I Ve .
i [nactive Function of |pate
Date Top Elevation (ft)
01Jdan 486.0 e
== 480
470
460
= 450
E 4407
% 430
m 420
410
400
340 T T T T T
- Jan Mar May  Jul Sep Mow
Zone Sort Elevation
’ QK ] ’ Cancel ] Apply

Figure 5: Reservoir Editor -- Operations Tab — Guide Curve OpSet

B. Rule lllustrations

The operation set for Bashan has no operating rules, making it a through flow reservoir. The pool
elevation will remain at the top of conservation unless the inflow exceeds the total release capacity.
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Bear Swamp

l. Overview

Bear Swamp is pump-storage and run-of-river hydropower generating facility (the run-of-river facility is
called Fife Brook) on the Deerfield River in Rowe, MA. It is currently owned and operated by Brookfield
Renewable Power Inc. and is primarily used for hydropower generation. It is also used to make
whitewater releases for whitewater rafting.

Figure 1 shows the location of Bear Swamp Dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Bear Swamp dam.

Bear Swamp
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Figure 1: HEC ResSim Map Display Showing Location of Bear Swamp dam
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S A2
Figure 2: Photo of Bear Swamp Dam

Il. Physical Characteristics

Only the physical and operational characteristics of the river portion of the project are modeled. The
pump-storage part of the project was not modeled because it was deemed unnecessary. The pump-
storage is operates on the same volume of water, all flow from upstream is passed through the river
portion of the project

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3’. The dam consists of
three types of outlets: (1) controlled tainter gate, (2) controlled 30 inch pipe, and (3) power plant as
shown in Figure 4.

’ Brookfield Renewable Power Inc. Brookfield — Bear Swamp Pump Storage Project. 2012
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f - - - ™
n Reservoir Editor . u

Reservoir Edit Pool

Resewoir[gearSWamp v] Description [:]| (][«] 420f74|m@
Bhysical |Qperaﬁons Observed Data|
£\ Bear Swamp Bear Swamp-Pool
@ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft) |:|
- Tailwater
: t;t;r}zecrhg;t;e Elevation Storage Area
..... & Power Plant (ft) (act) (acre)
800.00 0.00 0.00 8807
880.00 4900.00 152.00| _ 8607
= J
z 8407
2 3201
a004
TTT TTTTTT
1} 2,000 4,000
Stor (ac-i)
880+
_ 8O
= ]
2 8407
i 2 310+
a004
T T T T TT
0 40 80 120 160
Area (acre)
’ OK ] ’ Cancel Apply
L = =
Figure 3: Reservoir Editor: Physical Tab -- Pool
r ™
n Reservoir Editor T — u
e B ct—
Reservoir Edit Dam
Reser\roir[gears\mamp v] Description E]| (W][w] 420f74|m@
Physical | Operations | Observed Data.|
A Bear Swamp Bear Swamp-Dam
; 8 Poal
e vm Elevation attop of dam (ﬂ)| ggg_g|
- Tailwater
-Q tainter gate Length attop of dam (ft) | |
-4 30inch pipe
‘4 Power Plant Composite Release Capacity
Elevation | Controlled | Uncontroll... Tatal
() (cfs) (cfs) (cfs) By
830.0 384.0 0.0 384.0(~| 5 @60
832.0 811.6 0.0 g11.6 || 8 & _ 7
g33.0 1,384.4 0.0/ 1,384.4 = 03
834.0| 2,085.2 0.0/ 2,085.2(E TTTTTTT
835.0| 2,802.0 0.0| 2,902.0 0 50,000
836.0| 3,290.8 0.0] 3,290.8| | Flowe
837.0| 4,281.6 0.0/ 4,281.8 (cfs)
838.0 5,364.4 0.0 5,364.4
839.0| 6,533.2 0.0/ 6,533.2
840.0| 7,070.0 0.0/ 7,070.0
£41.0 &§,378.8 0.0 g,378.8
842.0| 9,763.8 0.0/ 9,763.8
843.0| 10,368.4 0.0/ 1o,368.4
£44.0 10,941.2 0.0] 10,941.2
845.0| 13,456.0 0.0] 13,456.0
846.0| 15,098.8 0.0] 15,098.8
847.0| 16,807.6 0.0 16,807.86
848.0| 17,570.4 0.0/ 17,570.4|~
’ OK ] [ Cancel Apply
L — = 4

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 4 shows the definition of Bear Swamp’s
“Guide Curve” operational zones, which consist of zones of Top of dam (880 ft), Flood Control (870 ft),
Conservation (850 ft), and Inactive zone (800 ft)".

= = N

Reservoir Edit Operations Zone Rule IF_Block

Resenoir | gear Swamp v] Description w | [(W[a) 420174 )] ]

Physical| Qperations | Opserved Data

Operation Set L_Existing Ops 1\ Description ‘ @
Zone-Rules | Rel. Alloc. | Qutages l Stor.Credit | Deg.Sched I Projected Eley |
| Top of dam I : :
'Conservation ezl
@ Minimum flow Storage Zone |Consenvat | Description | @]
@ Hydropower Function of
a Date
# Flood Control | | | Define...
@ Minimum flow 4
@ Hydropower Date Top Elevation (ft) i
#-f } whitewater release 01Jan 850.0| S
o o
[l Minimum flow i
[l Hydropower £
@-f } whitewater release g 840
M [nactive § ]
m 820+
810+
800
7490 T

T T T T
Jan Mar May Jul Sep MNov

Zone Sort Elevation | ’

| ok || cancel

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Guide Curve.

’ n Reservoir Editor

Reservoir Edit Operations Zone Ri

Resemvoir | Bear Swamp

Physical | Operations | Observed [

Operation Set ExiﬂstﬁngOps

Zone-Rules | Rel. Alloc. | Clifaa-

[ Top of dam

@ Minimum flow

[l Hydropower

@ Flood Control

@ Minimum flow

[ Hydropower

=-{ } whitewater release
== |F (Apr1-Apr30)
£ ﬁ Rel-Apr
== ELSE IF (May1-May20)
- ~[@ Rel-May1

== ELSE IF (Jun1-Jun30)

- [ Rel-Jun

= = ELSE IF (Jul1-Jul31)

[ Rel-Jul

== ELSE IF (Aug1-Aug31)

- [ Rel-Aug

== ELSE IF (Sep1-Sep30)

£ ﬁ Rel-Sep
(=8 ‘ ELSE IF (Oct1-Oct15)

[l Rel-Oct

 JConservation |

@ Minimum flow

[ Hydropower

#-{ } whitewater release

|ﬁf' Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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C. Rule Descriptions

1. Minimum flow

Figure 7 shows the content of “Minimum flow” rule. This rule assigns 125 cfs as a minimum
release from 30 inch pipe controlled outlet.

Operation Set :Existing Ops x| Description @

Zone-Rules | Rel. Auoc,l t I i
wh Top of dam
@

Operates Release From: Bear Swamp-30 inch pipe

[ Hydropower Rule Name: | pginimum flow Description: Q
#A Flood Control

@ Minimum flow EHCHOR o {17t

[@ Hydropower S S S
@-{ } whitewater release LimitType: | Minim.. | Interp.|Lin.. v

T gnr:;?r’:l?:qnnow Date Release (cfs) gmﬂ-
@ Hydropower 01Jan 125.0| » §1250_
- } whitewater release 5 1240
@A [nactive « : I : !

T
Jan Mar May Jul Sep Nov

[7] Period Average Limit

[7] Hour of Day Multiplier

[7] Day of Week Multiplier

[ Rising/Falling Condition

Seasonal Variation Edit

-

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Minimum flow

2. Hydropower

Figure 8 shows the content of “Hydropower” rule. This rule releases 95% of inflow through
power plant as per the run-of-river hydropower strategy.

Operation Set :Existing Ops v: Description )

Zone-Rules | Rel.AlIoc.l |

™ Top of dam

Operates Release From: Bear Swamp-Power Plant
B Minimum flow

i RHydropower Rule Name: | Hydropower Description: ]
™ Flood Control

-1l Minimum flow Function of: | Bear Swamp-Pool Net Inflow, Current Value

-[l Hydropower . ‘ : i i
Limit Type: i ~ | Interp. | Lj -
w-{ } whitewater release YPS: | iaim— P-|Un.. -

- = 90,0007

Conservation @ T
—.--ﬁ Minimum flow Flow (cfs) Release (cfs) < 80,0003

-[l Hydropower 0.0 0.0 - ﬁ 30.00EE

i 100000.0 95000.0 2 T T T T 17 T 171
:En}a:;::‘teewaterrelease El i R

F oy {ifs)

[ Period Average Limit
] Hour of Day Multiplier
[ Day of Week Multiplier
[ Rising/Falling Condition

| [[] Seasonal Variation

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet —Hydropower
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3. Whitewater release
Figure 9 shows the content of “Whitewater release” rule. This rule releases 700 cfs through

power plant with different schedules during different months of the year.

Operation Set iExisting Ops

'j Description

Zone-Rules | Rel Alloc. |

! Top of dam
[l Minimum flow
‘[l Hydropower
™ Flood Control
o[l Minimum flow
B Hydropower
SR WY whitewater release|
== IF (Apri1-Apr30)
. [ RelApr
= ELSE IF (May1-May20)
. [l Rel-May1
- = ELSE IF (Juni-Junao)
¢ [l RekJun
- m ELSE IF (Jul-Jul31)
. [l RelJul
- = ELSE IF (Aug1-Aug31)
- o[l Rel-Aug
== ELSE IF (Sep1-Sep30)
. [l Rel-Sep
EP* ELSE IF (Oct1-0ct158)
[l Rel-Oct
# Conservation
-l Minimum flow
@ Hydropower
- } whitewater release
o [nactive

Operates Release From: Bear Swamp

Mame: |whitewater release

Description:

Type Mame
IF Apri-Apr3d

Description

ELSEIF May1-May20

ELSEIF Juni-Jun3o

ELSE IF Jul1-Jul3

ELSEIF Aug1-Aug3

ELSEIF  |Sepi1-Sep3d

ELSEIF Oct1-Oct15
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& Top of dam

Operates Release From: Bear Swamp

Time of Day  Multiplier

g E;fr:rrgsgnwzt:w Rule Name: | Rel-Apr 0000-0100 0.0 LY | MR R Y
B Mo iow Function of: |pate 0100-0200 0.0 =l 1.00
@ Hycropower Lmite < weps [ <] | | 0200-0300 0.0 | || 2.0
B---{:} whitewater release L . L . 0300-0400 0.0 ues 0.00
T _\|[_pate [ Retease ais) 0400-0500 0.0 | || ved L.00
& m ELSE IF (Mayi-May20) | | |[014an 70001 0500-0600 0.0 Thu.rs 1.00
o BT otnany 06000700 [ 00| || — =7
R Rel-Jun . :
Er-b E_SE IF (Jul1-Jul31) 0800-0900 0.0
oo |1
oo LSt 1 (aop152p20) 1100-1200 1.0
a -:"ELsREe:!;S(T:)iwocﬁ 5) 1200-1300 0.0
@ RetOG ! -| | [ 1300-1400 0.0
1400-1500 0.0
1500-1600 0.0
1600-1700 0.0
1700-1200 0.0
12800-1900 0.0
1800-2000 0.0
2000-2100 0.0
2100-2200 0.0
2200-2300 0.0
2300-2400 0.0
Top of dam - :
8 | o rat | TmeofDay Muliper | gy putipier
Hydropower 0000-0100 0.0
™ Flood Contral i sun 1.00
1 Winimum fow Function of. | Date 0100-0200 0.0 Hon 000
- 0) et rlease U Type: (i =] mem: ..w] | _0200-0300 20| [Tues | 0.00
= |F (Apri-Aprao) - : Wed 0.00
T B RetApe _ Date Release (cfs) 0400-0500 0.0/ | Fhors 700
- = ELSE IF (May1-May20) 01Jan 700.0] - 0500-0600 0.0 : -
= -;-E_SIFJUHZ%U) 0600-0700 0.0 SFH oo
=™ at 1.00
@ Reldun 0700-0800 0.0
El-b ELSE IF (Jul1-Jul31) 0200-0900 0.0
El-b E_SREellFJ(Lj‘\lum—Aug?,ﬂ 0900-1000 1.0
W RelAug - 1000-1100 1.0
El -b ELSE IF (Sep1-Sep20) 1100-1200 10
b e ot 0t15) 12001300 0.0
[l Rel-Oct - = 1300-1400 0.0
1400-1500 0.0
1500-1600 0.0
1600-1700 0.0
1700-1800 0.0
1800-1900 0.0
1900-2000 0.0
2000-2100 0.0
2100-2200 0.0
2200-2300 0.0
2300-2400 0.0
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#h Top of dam * || Operates Release From: Bear Swamp ; —_

E Minimum flow Rule Name: | RelJun Time of Day  Multiplier Day  Multiplier
,.? Hycropower 0000-0100 00| | gun 100
(a]u] antro R -
“[@ Minimum flow Funclion of |Date g;gg_gggg gg Maon 0.00

ol Hydropower - = : pa— ¥ _

B { } whitewater release Limit Type: |Mi.. = Interp: . ~| ——— 0 TWUE; 0.00
E -' E(?{p;ﬁ::p;r?;ﬂ) | Date Release (cfs) 0400-0500 0.0 o Srs 1- EE
B * ELSE IF (May1-May20) T 01Jan F00.0| » 0500-0600 0.0 = 1 -I:II:I
. [l Rel-May 0600-0700 0.0 -
=8 -b ELsaﬂm -Jun3n) 0700-0800 0.0 Sat 1.00
" JRel-Jun -

9 -b ELSE IF (Jul-Jul31) 0800-0900 0.0
- [l RelJul 0900-1000 1.0
; -P ELSE IF (Aug1-Aug31) 1000-1100 1.0
i [l Rel-Aug T
= -b ELSE IF (Sep1-Sep30) 1100-1200 1.0
- [ Rel-Sep 1200-1300 0.0
B -b ELSE IF (Oct1-Oct15) 1300-1400 0.0
~@ Rel-0ct < 1400-1500 0.0
1500-1600 0.0
1600-1700 0.0
1700-1800 0.0
1800-1900 0.0
1900-2000 0.0
2000-2100 0.0
2100-2200 0.0
2200-2300 0.0
2200-2400 0.0
#™ Top of dam * || Operates Release From: Bear Swamp : A
@ Winimum flow Rule Name: (e Time of Day Multiplier | | pay  putiplier
B S yaroponcr 0000-0100 00 | | gun 1.00
1@ Minimum flow Function of: |pate 0100-0200 0.0 Mon 0,00
‘[l Hydropower o e 1 T 1 0200-0300 0.0

- { } whitewater release LimitType: | Mi.. - Interp. ). - 03200-0400 0.0 TWUE; 5'3;
T o ees0) [ pate [ metease 0400-0500 00 | [fpos T
a -b ELSE IF (Mayi-May20) 01Jan 700.0] - 0500-0600 0.0 = 1-|:|E|

. RelMay1 0600-0700 0.0 :
B -b ELSE IF (Jun1-Jun30) Sat 1.00
- [ Rel-Jun 0700-0800 0.0
- mp ELSE IF (Jul1-Jul31) 0200-0900 0.0
9 -;E_smum -Auga1) Lol L) 1.0
. L[ Rel-Aug L 1000-1100 1.0
- = ELSE IF (Sep1-Sep30) 1100-1200 1.0
B -;E_sREellFS(?:)pcﬁ -Oct15) 1200-1300 0.0
------ [ Rel-Oct o - 1300-1400 0.0
1400-1500 0.0
1500-1600 0.0
1600-1700 0.0
1700-1800 0.0
1800-1900 0.0
1800-2000 0.0
2000-2100 0.0
2100-2200 0.0
2200-2300 0.0
2300-2400 0.0
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¥ Top of dam

Operates Release From: Bear Swamp

g m;,:rrgg;nw:?w Rule Name: [Refaug Time of Day  Multiplier Day  Multiplier
¥ Flood Control 0000-0100 0.0 3un 1.00
™ B Minmum flow Function of | pate 0100-0200 0.0 — oo
E| gﬂmﬁﬁsgre:elease LimitTYpe: | M| INEMD- |om) gigg_gigg gg Tues 0.0a
= "'E;(’;f; Af:}?m) | Date Release (cfs) 0400-0500 0.0 KR 0.00
o ELSEIF (May1-tay20) | || [01an 700.0/fs 0500-0600 00|| [Lhurs L.0
N ;"ELSF;el'FMﬂF1 0600-0700 00|| 1 L.00
{(Jun1-Jun3o) Sat 1.00
" @ Reldun 0700-0800 0.0
a = ELSE IF (Jul1-Jul21) 0800-0900 0.0
E| - S_SREEIIFJE;um -Aug31) Leblo ML 1.0
______ = L 1000-1100 1.0
E} = %SREellF S(esmn Sep30) 1100-1200 1.0
B ELSEIF(D:;ﬁ -Oct15) . 0.0
[l Rel-Oct = i 130[]-14[]0 UD
1400-1500 0.0
1500-1600 0.0
1600-1700 0.0
1700-1300 0.0
1200-1900 0.0
1900-2000 0.0
2000-2100 0.0
2100-2200 0.0
2200-2300 0.0
2300-2400 0.0
ﬂ Top of dam * || Operates Release From: Bear Swamp - .
g EEQ;:WZ?W Rule Name: |Rel-Sep Time ofDay | Muiliplier Day Multiplier
0000-0100 0.0
T e Function of | Date 0100-0200 0.0 m: ;EE
[l Hydropower s O e 0200-0300 0.0 e EI-EII:I
=-{ } whitewater release : ) L ! 0300-0400 0.0 .
a = IF (Apri-Apr0) | — Release (dfs) 0400-0500 0.0 Wed 1.00
| [otan 7000/ +| | | 0500-0600 og| (hurs| 1.00
0600-0700 00| 0 L.00
0700-0800 00| =4 1.00
0300-0900 0.0
0900-1000 1.0
B 1000-1100 1.0
1100-1200 1.0
B = ELSE IF (Oct1-Oct15) Egg_:}igg gg
------ Rel-Oct - z c -
= 1400-1500 0.0
1500-1600 0.0
1600-1700 0.0
1700-1800 0.0
1800-1900 0.0
1900-2000 0.0
2000-2100 0.0
2100-2200 0.0
2200-2300 0.0
2300-2400 0.0
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- Top quam * || Operates Release From: Bear Swamp - —
- B Winimum flaw Rule Name: [Forog Time of Day Multiplier Day Multiplier
e | 00000100 | 00| | gy | 3.00
..... B Minimum flow Function of |pate 0100-0200 0.0 Man 0.00
[ Hydropower L —— .1 | [ 0200-0200 0.0 }
=-{ } whitewater release LmitType: |iesnm| NteTP- | 0300-0400 00 Tues 0.00
B#E[ﬂ’:‘;‘:ﬁﬂﬂ} L Date Release (cfs) 0400-0500 UU T‘:Ed 1.00
g et Marco) OiJan 7000fs 0500-0600 0.0 Fl:irs 133
| [ Rel-Mayl ;
- = ELSE IF (Junt-Junao) 0600-0700 0.0 Sat 1.00
¢ [l RekJun 0700-0300 0.0
== ELSE IF (Jul1-Jul31) 0800-0900 0.0
¢ [l Rel-dul :
= ELSE IF (Augi-Aug3i) 0900-1000 1.0
¢ [ Rel-Aug B 1000-1100 1.0
B* ELSE IF (Sep1-Sep30) 1100-1200 10
. [l Rel-Sep :
&= ELSE IF (Oct1-Oct15) 1200-1300 0.0
i JRel-Oct] = i 1300-1400 0.0
1400-1500 0.0
1500-1600 0.0
1600-1700 0.0
1700-1300 0.0
1800-1800 0.0
1900-2000 0.0
2000-2100 0.0
2100-2200 0.0
2200-2300 0.0
2300-2400 0.0

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet —~Whitewater release
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Bellows Falls

l. Overview

Bellows Falls dam is located on the mainstem Connecticut River in the towns of Rockingham, VT and
Walpole, NH. It is owned and operated by TransCanada Hydro Northeast Inc. for hydropower
generation on a run-of-river basis.

Figure 1 shows the location of Bellows Falls dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Bellows Falls dam.

(]
o
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onmecticut at kouth £ T

Figure 1: HEC-ResSim Map Display Showing Location of Bellows Falls dam

45



Bellows Falls

Figure 2: Photo of Bellows Falls dam.

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3% The dam consists of
seven types of outlets: (1) controlled Roller gate, and (2) uncontrolled 121 ft Bay-w flashboards, (3)
uncontrolled 100 ft Bay-w flashboards, (4) uncontrolled Stanchion-w flashboards, (5) controlled Fish
Ladder, (6) Downstream Fish Passage, and (7) power plant as shown in Figure 4.

® Data provided by TransCanada
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-
n Reservoir Editor

Reservoir Edit Pool

===

Resenvoir | Bellows Falls ~ Description | (K]0 70 of 74 [][m]
Ehysical |Qperat|ons Obsenved Data
2 Bellows Falls Bellows Falls-Pool
=57 Dam @ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft)
 Tailwater
Elevation Slorage Area
<y 1241ft Bay-w flashboards ) EED) faaE]
<% 100 ft Bay-w flashboards 253320 =
<> stanchion-w flashboards 283.60 10633.06
@ Fish Ladder 28370 1077314
“ 49 Downstream Fish Passage 283.80 1091322 A 2904
283.90 1105372 = B
254.00 11193.80 = 2907
284.10 11333.88 z 2707
284.20 11481.82 L m g
28430 11629.75 250_ I i -
284.40 11778.10 0 15,000 20,000
284.50 11926.03
284 60 12073 97 Slogae
28470 1222078 . |
284.80 1238512 a3
254.90 1254091 = 2807
285.00 126096.28 g 270
285.10 12852.07 T 2503
28520 13015.29 250’ I
28530 13178.93
28540 1334215 v S0 1,200
28550 13505.79 Area (acre)
285.60 13660.01
28570 13840.08
28580 1401118
285.90 14181.82 1
20/ 00 4435200
[ ok || cancel Apply
L - J
Figure 3: Reservoir Editor: Physical Tab -- Pool
- b
ﬂ Reservoir Editer - ﬂ
Reservoir Edit Dam
Resenoir | Bellows Falls + | Description ] [u][a] 700r 74w ][m]
Ehysical | Operations | Observed Data
A\ Bellows Falls Bellows Falls-Dam
8 Paol
=57 EEh . Elevation at top of dam (ft) 305.5
@ Tailwater
Roller gate Length attop of dam (ft) 6§43.0
& Power Plant
<> 121f Bay-w flashboards Composite Release Capacity
100 ft Bay-w flashboard:
<> Stanchion-w flashboards Elevation | Controlled | Uncontroll... Total
9 Fish Ladder ") (cfs) (cfs) 00T
4 Downstream Fish Passage 0.0[ 11,345.0 0.0] 11,345.0/-| 5 3002
273.6] 11,345.0 0.0] 11,345.0) | § g 2003
274.6| 12,145.0 0.0] 12,125.0 | & 1003
276.6) 14,945.0 0.0] 14,945.0 BT
278.6| 19,345.0 0.0] 19,345.0 0 8000
280.6) 24,545.0 0.0] 24,545.0 Fla
282.6) 30,945.0 0.0] 30,945.0 (tfs)
284.6) 38,145.0 0.0/ 38,145.0
286.6) 44,945.0 0.0] 44,945.0|% I
288.6) 55,345.0 0.0| 55,345.0
290.6) 65,345.0 0.0 65,345.0
291.1] &5,345.0 0.0 65,345.0
291.2| €5,345.0| 33,183.0) 98,528.0
291.3] €5,345.0 33,594.0) 98,939.0
291.4] 65,345.0] 34,005.0] 99,350.0
291.5| 65,345.0] 34,416.0] 99,76l.0)
291.6) 65,345.0| 34,827.0] 100,172.0
350.0) 65,345.0| 34,827.0] 100,172.0
[ ok || cancel Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Bellows Falls’s
“Existing Ops” operational zones, which consist of zones of Flood Control (305.5 ft), FERC Max Pool
(291.6 ft), Conservation (291.1 ft), Buffer (289.9 ft), and Inactive zone (288.6 ft)*.

F >
K1 Reservoir Editor

Physical | Operations | Observed Data

Reservoir Edit Operations Zone Rule IF_Block

Reservoir 'Elellows Falls « | Description

==

[ [W][a] 70 of 74 |(w][m]

----- [@ Fish Ladder Release
""" [@ Downstream Fish Passage Release
----- B Pool Drawdown Rate Limit

Operation Set :Existing Ops v: Description [
Zone-Rules | Rel. Alloc. | | |
@™ Flood Control : S
Conservation
..... B Minimum Flow Storage Zone Description &

Function of | pate

#-{ } Max Elev given inflow Date Top Elevation (ft) 206
i FERC Max Pool 01Jan 2011
----- W Minimum Flow 3044
----- [@ Fish Ladder Release 302
----- [B Downstream Fish Passage Release = 3004
""" B Pool Drawdown Rate Limit = 298
=-f } Max Elev given inflow % 2GR -
*Tconservation £ 294
----- @ Minimum Flow W
----- [@ Fish Ladder Release 291
""" [@ Downstream Fish Passage Release
----- [B Pool Drawdown Rate Limit 288 — T T T 1
----- @ Hydropower-Release 95% Inflow Jan Mar May Jul Sep Moy
=-f } Max Elev given inflow
o Buffer
----- [E Minimum Flow
----- B Fish Ladder Release
""" [@ Downstream Fish Passage Release
----- [B Pool Drawdown Rate Limit
----- [E Hydropower-Release 95% Inflow -
=-f } Max Elev given inflow
o [nactive Zone Sort Elevation
[ QK ] [ Cancel Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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Figure 6 shows a sequential release allocation approach specified for available outlets along Bellows
Falls Dam. The available outlets are given an order of priority for release. The power plant gets the
release first until it reaches release capacity. The Roller gate gets the remainder of the release until it
reaches capacity. After the capacity through the Roller gate is reached, the remainder of the release
goes through the Fish ladder gate and Downstream Fish Passage, respectively.

Ei Reservoir Editor

Reservoir Edit Operations

Resenoir | Bellows Falls ~ | Description LI} (W][a] 70

Ehysical | Operations | Observed Data

Operation Set :Existing Ops v: Description

Fone-Rules | Rel. Alloc. | | |

Release Allocation Strategy

£ Bellows Falls - Balanced Release Location: Bellows Falls-Dam

EIU Bellows Falls-Dam (1.0) - Sequential ERocaon Type

<> Bellows Falls-Power Plant

Q Bellows Falls-Roller gate
- <y Bellows Falls-Fish Ladder

----- Q Bellows Falls-Downstream Fish Passage

:Sequential

Bellows Falls-Power Plant

Bellows Falls-Roller gate

Bellows Falls-Fish Ladder

Bellows Falls-Downstream Fish Passage

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation
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B. Rule lllustrations

Figure 7 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Opsg.

Ei Reservoir Editor

— pra—
Reservoir Edit Operations Zone Rule IF_Block
Resenvoir :Eellnws Falls v: Description
Operations | Opserved Data
Operation Set :Existing Ops v: De
Zaone-Rules | Re|_m|gc_| | |

™ Flood Control
W Minimum Flow
[@ Fish Ladder Release
[B Downstream Fish Passage Release
@ Pool Drawdown Rate Limit
=L } Max Elev given inflow

- |F (inflow=11000 & max elev=291.5)
. [l Elevrate of change
B* ELSE IF (11000=<inflow=20000 & max elev=281.1)
- ~[H Elevrate of change
E| * ELSE IF (20000=<inflow=50000 & max elev=290.1)
- [l Elevrate of change
- EL SE |F (50000=<inflow & max elev=289.5)
‘[l Elevrate of change
g FERC Max Pool
----- [ Minimum Flow
""" [l Fish Ladder Release
----- @ Downstream Fish Passage Release
----- [E Pool Drawdown Rate Limit
F-f ¥} Max Elev given inflow
-
----- [ Minimum Flow
""" [l Fish Ladder Release
----- @ Downstream Fish Passage Release
----- [E Pool Drawdown Rate Limit
""" [ Hydropower-Release 95% Inflow
F-f ¥ Max Elev given inflow
# Buffer
""" W Minimum Flow
----- [@ Fish Ladder Release
----- [B Downstream Fish Passage Release
""" @ Pool Drawdown Rate Limit
----- [l Hydropower-Release 95% Inflow
F-f } Max Elev given inflow
o [nachive

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

® TransCanada. Connecticut River Operational Constraints. 2012.
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C. Rule Descriptions

1. Minimum Flow

Figure 8 shows the content of “Minimum Flow” rule. This rule represents the minimum
release from dam as a function of flow.

Operation Set :Existing Ops

« | Description

Zone-Rules | Rel. Alloc. | [

s Flood Conirol
@
- Fish Ladder Release
B Downstream Fish Passage Release
[l Pool Drawdown Rate Limit
=-{ } Max Elev given inflow
# FERC Max Pool
[0 Minimum Flow
I8 Fish Ladder Release
--[l Downstream Fish Passage Release

Operates Release From: Bellows Falls
Rule Name: \pinimum Flow Description:

Function of: | Bellows Falls-Pool Net Inflow, Current Value

Limit Type: |Min.. = | Interp: . |

[l Pool Drawdown Rate Limit
[=-{ } Max Elev given inflow
# Conservation
-l Minimum Flow
~[@ Fish Ladder Release
-l Downstream Fish Passage Release
--[@ Pool Drawdown Rate Limit
[ Hydropower-Release 95% Inflow
=-{ } Max Elev given inflow
™ Buffer
~[@ Minimum Flow
--[@ Fish Ladder Release
[l Downstream Fish Passage Release
~[@ Pool Drawdown Rate Limit
-[@ Hydropower-Release 95% Inflow
[=-{ } Max Elev given inflow
o™ [nactive

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Minimum Flow

1,200
Flow {cfs) Release (cfs) = b
0.0 0.0/~ & 8007
1083.0 1083.0 8 ]
1000000.0 10830 | & 4007
= L e s s e |
0 500,000 1,000,000

Flow (£fs)

[ Period Average Limit

[] Hour of Day Multiplier

[] Day of Week Multiplier
[ Rising/Falling Condition

[] Seasonal Variation

2. Fish Ladder Relaese
Figure 9 shows the content of “Fish Ladder Release” rule. This rule shows the specified release
from a fish ladder controlled outlet.

Operation Set Existing Ops

v: Description =)

Zone-Rules | Rel Alloc. | |

A Flood Control
-l Minimum Flow
-0
[l Downstream Fish Passage Release
[l Pool Drawdown Rate Limit
(-{ } Max Elev given inflow
WM FERC Max Pool
~[@ Minimum Flow
@ Fish Ladder Release
[l Downstream Fish Passage Release
[l Pool Drawdown Rate Limit
-{ } Max Elev given inflow
@A Conservation
~[@ Minimum Flow
[l Fish Ladder Release
~ [l Downstream Fish Passage Release
[l Pool Drawdown Rate Limit
-l Hydropower-Release 95% Inflow
=-{ ¥ Max Elev given inflow
i Buffer
-l Minimum Flow
~[l Fish Ladder Release
[l Downstream Fish Passage Release
[l Pool Drawdown Rate Limit
W Hydropower-Release 95% Inflow
=-{ } Max Elev given inflow
ol [nactive

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Fish Ladder Release

Operates Release From: Bellows Falls-Fish Ladder
Rule Name: |Fish Ladder Release Description: =)

Function of. |pate

Limit Type: | sp. - | Interp.: —

Date Release (cfs) ED:
01Jan 00| ~| & B0+
15May 80.0 o ]
15ul 00 & g
155ep 80.0 = 30
15Ny 0.0 T4

1} T T T T T

Jan Mar May Jul Sep Mo

[] Period Average Limit

[ Hour of Day Multiplier

[] Day of Week Multiplier

[] RisingiFalling Condition

Seasonal Variation
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3. Downstream Fish Passage Release
Figure 10 shows the content of “Downstream Fish Passage Release” rule. This rule shows the
specified release from a Downstream Fish Passage controlled outlet.

Operation Set :Existing Ops v: Description =
Zone-Rules ‘ Rel. Alloc. | | |
- gm:s C_)ontro\Fl Operates Release From: Bellows Falls-Downstream Fish Passage
[l Minimum Flow )
-[@ Fish Ladder Release Rule Name: |\m Fish Passage Release | Description ]
= JDownsiream Fish Passage Release . §
[l Pool Drawdown Rate Limit Function of. | Date
£-{ } Max Elev given inflow r " r .
- l{:éRuC Max F’gol LimitType: §p.. w Interp.|. ~|
@ Minimum Flow Sl
I M
- Fish Ladder Release Date Release (cfs) 2807
[@ Downstream Fish Passage Release 01Jan 0.0] - g 200
[l Pool Drawdown Rate Limit 01Apr 255.0 @ 150
£-{ } Max Elev given inflow 15Jun 0.0 = 1004
™ Conservation o 504
~[@ Minimum Flow b= i
[l Fish Ladder Release T T T T
[l Downstream Fish Passage Release Jan Mar May Jul Sep Nov
[l Pool Drawdown Rate Limit ) )
[l Hydropower-Release 05% Inflow [7] Period Average Limit
£ } Max Elev given inflow [7] Hour of Day Multiplier
wh Buffer
[H Minimum Flow || Day of Week Multiplier
-~ Fish Ladder Release [7] Rising/Falling Condition
--[ll Downstream Fish Passage Release
[l Pool Drawdown Rate Limit Seasonal Variation
@ Hydropower-Release 95% Inflow
£ } Max Elev given inflow
W™ [nactive i

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Downstream Fish Passage Relaese

4. Pool Drawdown Rate Limit
Figure 11 shows the content of “Pool Drawdown Rate Limit” rule. This rule describes the
maximum elevation rate of change.

Operation Set :Existing Ops - | Description ]

Zone-Rules | Rel. Alloc. | |

# Flood Control Operates Release From: Bellows Falls
[ Minimum Flow
[l Fish Ladder Release Elevation Rate of Change Limit |pggl Drawdown Rate Limit
- [l Downstream Fish Passage Release Descripti
plion | Drawdown not to exceed 0.3 fithr
M\ §Pool Drawdown Rate Limit 8]
-{ } Max Elev given inflow Function Of | +
- | Constant -
A FERC Max Pool L |
[ Minimum Flow Type Decreasing -
-[l Fish Ladder Release ) ' .
--[l Downstream Fish Passage Release @ Instantaneous

--[l Pool Drawdown Rate Limit
#-{ } Max Elev given inflow
#h Conservation Max Rate of Change (ft'hr) 0.3
-0 Minimum Flow

[l Fish Ladder Release
- [l Downstream Fish Passage Release
- [l Pool Drawdown Rate Limit
- [l Hydropower-Release 95% Inflow
#-{ } Max Elev given inflow
i Buffer
[0 Minimum Flow
--[ll Fish Ladder Release

B Downstream Fish Passage Release
- [l Pool Drawdown Rate Limit
[l Hydropower-Release 95% Inflow
-{ 3 Max Elev given inflow
o [nactive

() Period Average

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Pool Drawdown Rate Limit
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5. Max Elev given Inflow

Figure 12 shows the content of “Max Elev given Inlow” rule. This rule shows the maximum
elevation rate of change for different range of inflow.

Operation Set :Existing Ops v:

Description

Zone-Rules | ReI.Alloc.l |

¥ Flood Control
[l Minimum Flow
[l Fish Ladder Release
B Downstream Fish Passage Release
[ Pool Drawdown Rate Limit
=-{ } (e
= |F (inflow=11000 & max elev=291.6}
- ~-[@ Elevrate of change
E}* ELSE IF (11000==inflow=20000 & max eley=291.1)
. [ Elevrate of change
E}* ELSE IF (20000==<inflow=50000 & max elev=290.1)

. -l Elevrate of change
E}* ELSE IF (30000=<inflow & max elev=289.6)

------ [@ Elevrate of change

»

Operates Release From: Bellows Falls

Mame: | pax Elev given inflow Description:

g

Name
IF inflow=11000 & max elev=291.6

Type

Description

ELSEIF [11000=<inflow=20000 & max elev=291.1

ELSEIF [20000=<inflow=50000 & max elev=290.1

ELSEIF  [50000=<inflow & max elev=289.6

Operation Set :Existing Ops v:

Description

Zone-Rules | Rel. Alloc. | |

™ Flood Control
a[l Minimum Flow
[ Fish Ladder Release
B Downstream Fish Passage Release
:[@ Pool Drawdown Rate Limit
=--{ } Max Elev given inflow

=8 IF (inflow=11000 & max elev=291.6)

. I8 Elevrate of change
EI* ELSE IF (11000=<inflow=20000 & max elev=291.1)
- [ Elevrate of change
El* ELSE IF {20000==inflow=50000 & max elev=290.1)
- ~[H Elevrate of change
El* ELSE IF (50000=<inflow & max elev=289.6)

[l Elevrate of change
o™ FERC Max Pool
i[l Minimum Flow
[ Fish Ladder Release
[B Downstream Fish Passage Release
[E Pool Drawdown Rate Limit

-f } Max Elev given inflow

»

Operates Release From: Bellows Falls

IF Conditional -«41000 & max elev=291.6 Description:

Valuel Value2
| Bellows Falls-Pool:Net Inflow | = | 11000
AND | Bellows Falls-Pocl:Net Inflow | == | 2016

Add Cond.

Del. Cond.

Move Up
Move Down

Evaluate

Operation Set | Existing Ops -

Description

Zone-Rules | Rel. Alloc. | |

™ Flood Caontrol

w [ Minimum Flow

[E Fish Ladder Release

[E Downstream Fish Passage Release

B Pool Drawdown Rate Limit

=-{ } Max Elev given inflow
== IF (inflow=11000 & max elev=291.6)
@

EI-D ELSE IF (11000=<inflow=20000 & max elev=291.1)

e [@ Elev rate of change
E'* ELSE IF (20000==inflow=50000 & max elev=290.1)

¢ [l Elevrate of change
== ELSE IF (50000=<inflow & max elev=289.6)

------ [@ Elevrate of change

»

m

Operates Release From: Bellows Falls
Elevation Rate of Change Limit | Eley rate of change

Description
Function Of. | constant -
Type Increasing v

@ Instantaneous
() Period Average

Max Rate of Change (ft'hr) 0.0

@) B I I[ ) .
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Operation Set :Existing Ops v:

Description

Zone-Rules | Re|_AJ|oc_| |

™ Flood Control
B Minimum Flow
B Fish Ladder Release
B Downstream Fish Passage Release
[E Pool Drawdown Rate Limit
=-{ } Max Elev given inflow
== |F (inflow=11000 & max elev=291.6)
¢ -8 Elevrate of change
B * ELSE IF (11000==inflow=20000 & max elev=291.1)
¢ [ Elevrate of change
El* ELSE IF (20000==inflow=50000 & max elev=290.1)
¢ [ Elevrate of change
E}* ELSE IF (50000==inflow & max elev=289.6)
[l Elevrate of change
o™ FERC Max Pool
- Minimum Flow
@ Fish Ladder Release
@ Downstream Fish Passage Release
B Pool Drawdown Rate Limit
{ } Max Elev given inflow

m

Operates Release From: Bellows Falls

ELSE IF Conditional |=20000 & max elev=291.1 | Description:

Value1 Value2

Bellows Falls-Pool:Met Inflow | == 11000
AND | Bellows Falls-PoolMet Inflow | = 20000 Add Cond.
AND | Bellows Falls-Pool:Elevation | == 2911

Del. Cond.

Move Up
Maove Down

Evaluate

Operation Set | Existing Ops -

Description

Zone-Rules | Rel. Alloc. | |

@) I I[ - D

& Flood Contral
~[H Minimum Flow
[E Fish Ladder Release
[E Downstream Fish Passage Release
[l Pool Drawdown Rate Limit
- } Max Elev given inflow
= |F (inflow=11000 & max elev=291.5)
[ Elevrate of change
EI* ELSE IF (11000==inflow=20000 & max elev=291.1)
El* ELSE IF (20000==inflow=50000 & max elev=280.1)
. [@ Elevrate of change
== ELSE IF (50000==<inflow & max elev=280.6)

»

m

Operates Release From: Bellows Falls
Elevation Rate of Change Limit | Ejey rate of change

Description
Function Of | constant v
Type :Increasing ':

@ Instantaneous

() Period Average

3]

; Max Rate of Change (fthr) 0.0
[l Elevrate of change

Operation Set :Existing Ops v: Description

Zone-Rules | Rel. Alloc. I I

A Flood Control
[E Minimum Flow
[ Fish Ladder Release
B Downstream Fish Passage Release
[E Pool Drawdown Rate Limit
=--{ } Max Elev given inflow
== |F (inflow=11000 & max elev=291.6)
. ~[@ Elevrate of change
EI* ELZE IF (11000==inflow=20000 & max elev=291.1)
- ~[H Elevrate of change
EI * ELSE IF {20000=<inflow=50000 & max elev=290.1)
- ~[@ Elevrate of change
B* ELSE IF (50000==inflow & max elev=289.6)
@ Elevrate of change
@ FERC Max Pool
-[H Minimum Flow
[E Fish Ladder Release
B Downstream Fish Passage Release
[E Pool Drawdown Rate Limit
{ } Max Elev given inflow

»

m

Operates Release From: Bellows Falls

ELSE IF Conditional -=50000 & max elev=200.1| Description:

WValuet WValue2

Bellows Falls-Pool:Net Inflow | == 20000
AND | Bellows Falls-Pool:NetInflow | < 50000 Add Cond.
AMND | Bellows Falls-Pool:Elevation | == 290.1

Del. Cond.

Move Up
Move Down

Evaluate

.
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Operation Set iExisting Ops vj Description E]
Zone-Rules | Re|_AJ|oc_| |
#h Flood Confral || Operates Release Fram: Bellows Falls
[E Minimum Flow Elevation Rate of Ch Limit
M@ Fish Ladder Release evation ~ate of Lnange LImit |Elev rate of change
B Downstream Fish Passage Release Description )
[@ Pool Drawdown Rate Limit
=-{ } Max Elev given inflow Function Of: | -
: - | Constant -
E}-P IF (inflow=11000 & max elev=291.6) : .
. ‘[ Elevrate of change Type Increasing d

E}* ELSE IF (11000=<inflow=20000 & max elev=291.1)
. -IH Elevrate of change
E}* ELSE IF (20000=<inflow=50000 & max elev=290.1)

B BElev rate of change

@ Instantaneous

(") Period Average

Er-i ELSE IF (50000=<inflow & max elev=289.6) Max Rate of Change (ft/hr) 0.0
[l Elevrate of change
Operation Set iExisting Ops vi Description
Zone-Rules | Re|_AJ|oc_| |

& Flood Control
- [H Minimum Flow
[E Fish Ladder Release
[E Downstream Fish Passage Release
[l Pool Drawdown Rate Limit
=-{ } Max Elev given inflow
== IF (inflow=11000 & max elev=291.6)
- ~~[@ Elevrate of change
El* ELSE IF (11000==<inflow=20000 & max elev=291.1)
[ Elevrate of change
- = ELSE IF (20000=<inflow=50000 & max elev=290.1)
- ~[@ Elevrate of change
=8 JELSE IF (50000=<inflow & max elev=289.6)
~-[H Elevrate of change
# FERC Max Pool
~[H Minimum Flow
[E Fish Ladder Release
[E Downstream Fish Passage Release
[ Pool Drawdown Rate Limit
{ } Max Elev given inflow

»

Operates Release From: Bellows Falls

ELSE IF Conditional |-<inflow & max elev=280 7 Description:

Value1 Value2
| Bellows Falls-Pool:Met Inflow | == | 50000
AND | Bellows Falls-Pool-Elevation | == | 289.6 Add Cond.

Del. Cond.

Move Up
Move Down

Evaluate

Operation Set :Existing Ops v:

Description

Zone-Rules | Rel. Alloc.| |

@) I I[ - @)

wh Flood Control
[l Minimum Flow
[@ Fish Ladder Release
[E Downstream Fish Passage Release
[E Pool Drawdown Rate Limit
= } Wax Elev given inflow
== |F (inflow=11000 & max elev=291.6)
. ~[8 Elevrate of change
E}* ELSE IF (11000=<inflow=20000 & max elev=291.1)
- [ Elevrate of change
E}* ELSE IF {20000=<inflow=50000 & max elev=290.1)
.~ [H Elevrate of change
== ELSE IF (50000=<inflow & max elev=289.6)

B WE |ev rate of change

m

Operates Release From: Bellows Falls
Elevation Rate of Change Limit | Ejey rate of change

Description
Function Of. | constant z
Type jlncreasing ':

@ Instantaneous
() Period Average

Max Rate of Change (ftihr) 0.0

O

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Elev given Inflow
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6. Hydropower-Release 95% Inflow
Figure 13 shows the content of “Hydropower-Release 95% Inflow” rule. This rule releases 95% of
inflow through power plant as per the run-of-river modeling strategy.

Operation Set :Existing Ops v: Description [:]

Zone-Rules | ReI.AJIGC.I |

e %‘md Control Operates Release From: Bellows Falls-Power Plant
-1l Minimum Flow .
-1l Fish Ladder Release Rule Name: |,gwer-Release 95% Inflow | Description: )
-l Downstream Fish Passage Release .
[l Pool Drawdown Rate Limit Function of: | Bellows Falls-Pool Net Inflow, Current Value
[#-{ ¥ Max El i infl . r . r 1
-~ Eéﬁi’s}r{m:;g;en nraw Limit Type: Mini. - Interp.: _—
-l rv1inrmum Flow 100,000 7
--[l Fish Ladder Release Flow (cfs) Release (cfs) & 80,0007
-l Downstream Fish Passage Release 0.0 0.0 | = 50,0007
-l Pool Drawdown Rate Limit 100000.0 95000.0 @ 40,000
=-f } Max Elev given inflow o 20,000
# Conservation o e A
[l Minimum Flow 0 50000 100,000
[l Fish Ladder Release . .
--[l Downsiream Fish Passage Release i {cfs)
[l Pool Drawdown Rate Limit _ o
™ B Hydropower-Release 95% Inflow [ Period Average Limit
-f } Max Elev given inflow ] Hour of Day Multiplier
o Buffer
-8 Minimum Flow 7] Day of Week Multiplier
[ Fish Ladder Release [] Rising/Falling Condition
-l Downstream Fish Passage Release
-l Pool Drawdown Rate Limit [7] Seasonal Variation
-l Hydropower-Release 95% Inflow
-f } Max Elev given inflow
oM [nactive i

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — Hydropower-Release 95% Inflow
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Bickford

l. Overview

Bickford dam is a dam on the Ware River by Worcester, MA. Construction of the reservoir was
completed in 1970 and the dam is owned by the City of Fitchburg, which uses it for water supply for the
city. .

Figure 1 shows the location of Bickford Dam as it is represented in the HEC-ResSim model. Figure 2
shows a view from the dam.

- (] i

W
"econd Connecticut Lake_In
i~ rkL"./ -

fih_Flopdplaini

Bickfard

Bickford_In

EB Ware+Bickford Brook

(@ Connecticut at Molith £

Figure 1: HEC-ResSim Map Display Showing Location of Bickford
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Figure 2: View from Bickford Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3'°. The dam consists of a
controlled outlet and an uncontrolled spillway as shown in Figure 4.

19 Bjckford Dam Phase 1 Report: 1980
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ks

Reserveir Editer

Reservoir Edit Pool

=)

Resenvoir ’Bjcm,m

v] Description |

O [w][a] 49 0f 74 )] [n]

Physical | Operations | Observed Data.|

2\ Bickford

Bickford-Pool

Elevation Storage Area
[ij1] {ac-f) (acre)

1000.00 0.00

0.00

1045.00 3029.00 16

3.00

10581.20 4053.00

167.00

@ Linear Interpolation () Conic Interpolation  Initial Conic Depth (f) I:I

1,0
1,0
1,0
1,0

1,0
1,0
1,0
1,0

B0
40
204
00

T T T T T 1T
0 1,500 3,000 4,500

Star {ac-f)

60

40
20:
DD:

TT T T T T 11T
1] 60 120 180

Area (acre)

ok ||

Cancel l | Apply

Figure 3: Reservoir Editor -- Physical Tab -- Pool

-

ﬂ Reservoir Editor

Reservoir Edit Dam

s

Resenvoir ’Bjcm,m

= ] Description |

O] (W] 49 74| ](m)

Physical | gperations | Observed Datal

A Bickiord
Pool

1]
4

m
4-inch pipe to river
> Spillway

Bickford-Dam

Elevation attop of dam (ft) |

1051.2|

Length attop of dam (f) |

QUU.U|

Composite Release Capacity

Elevation

Controlled | Uncontroll... Total
(ft) (cfs) (cfs) (cfs)

0.0

1,003.0 0.0 0.0
1,045.0 22.0 0.0

22.0

1,045.6 22.2 16l.1

183.3

Elevation

1,046.2 22.4 455.7

478.1

1,046.9 22.6 837.1

859.7

1,047.5 22.8 1,288.8

1,311.6(%

1,048.1 23010 1,801.2

1,824.2

1,048.7 23.2 2,367.7

2,390.9

1,0498.3 23.4 2,983.7

3,007.1

1,050.0 23.6 3,645.3

3,668.9

1,050.6 23°H 4,3459.8

4,373.6

1,051.2 24.0 5,094.5

5,118.5

T T TT
3,000 6,000

Flawy

(cfs)

] | Apply

Figure 4: Reservoir Editor -- Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Bickford’s
“Existing Ops” operational zones, which consist of the zones Flood Control (1051.2 ft), Conservation
(1045 ft), and Inactive (1000 ft)*.

r - ™
El Reservoir Editor w_ ﬁ

Reservoir Edit Operations Zone Rule IF_Block

Resenoir | Bickford ~ | Description )| [1])[«] 29 0174 ]| (m]
-Ehysical Operations | Opserved Data
Operation Set :Existing Ops v: Description [:]
Zone-Rules | | | I
o™ Flood Control ) -
Conservation
- Storage Zone Description E]
wh [nactive Function of | pate
Date Top Elevation (ft)
01Jan 1045.0] « 1,060
1,050+
1,040+
g
= 1,0304
g
w 1,020
&
w 1,010
1,000
940 T T T T T
Jan Mar May Jul Sep Mow
Zone Sort Elevation

OK ] l Cancel Apply

Figure 5: Reservoir Editor -- Operations Tab — Existing Ops OpSet

B. Rule lllustrations

The operation set for Bickford has no rules of operation making it a flow through reservoir. The pool
elevation will remain at the top of conservation unless the inflow exceeds the total release capacity.
There is a water supply timeseries for Bickford that is described in the water supply section of the
report.
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Birch Hill

l. Overview

Birch Hill is a dam on the Millers River upstream of Athol. Constructed in 1941 by the US Army Corps of
Engineers, it is still owned and operated by the Corps. It is primarily used for flood control but is also

used for recreation.

Figure 1 shows the location of Birch Hill Dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of the dam.

Birzh Hill

flow Cabot

I 200
ﬁ. é‘g Boprn

) 3 ) S Nyl 2
,*\‘_Cj)}g@)r- 7 W d'{
RN est Ware

g eSO ASOSE

P_Coldbrook Diversion C
4 u:)\_ O‘_-)?’ .
_orke Conant Brook_In
S - 2l T
)

onnecticut at touth = {
A

Figure 1: HEC-ResSim Map Display Showing Location of Birch Hill dam
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Figure 2: Photo of Birch Hill dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3. The dam consists of
two types of outlets: (1) controlled slide gates, and (2) uncontrolled spillway, as shown in Figure 4. All
physical and operations data were provided by US Army Corps New England District, through both a
previously created ResSim model and the Reservoir Regulation Team website™.

" http://rsgisias.crrel.usace.army.mil/nae/cwms_map.map_index
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-
K1 Reservoir Editor

Reservoir Edit Pool

[55)

Resenvoir | Birch Hill

~ | Description

Physical | Operations | Observed Data|

| (W] 52074 )] (m]

A Birch Hill Birch Hill-Paol
iPool |
& ? Dam Linear Interpolation ) ConicInterpolation  Initial Conic Depth (ft)
9 Slide Gates
Q Spillway Elevation Storage Area
(ft) (ac-ft) (acre)
§15.00 0.00 0.00] -
§16.00 100.00 40.00
§17.00 200.00 90.00 a0
§18.00 450.00 140.00 b
819.00 750.00 190.00 !
820.00 1000.00 250.00| | & 8407
521.00 1450.00 310.00| 5| % 8307
§22.00 1750.00 375.00 w 8207
523.00 2200.00 450.00 810 ——————
§24.00 2750.00 525.00 0 40,000 80,000
| §25.00 3200.00 600.00 Star (ac-f)
§26.00 3800.00 675.00
827.00 4500.00 740.00 B
§28.00 5200.00 £20.00 8507
| 529.00 5000.00 390.00 & 840
§30.00 G900.00 975.00 & 830
831.00 7850.00 1060.00 W gond
832.00 8800.00 1140.00 810
833.00 9900.00 1230.00 0 1,5003,000 4,500
§34.00 11100.00 1320.00 Area (acrs)
§35.00 12200.00 1420.00
§36.00 13700.00 1500.00
§37.00 15200.00 1600.00
§38.00 16800.00 1700.00
§39.00 18500.00 1800.00( —
[ ok || canca Apply
\ =
Figure 3: Reservoir Editor: Physical Tab -- Pool
- ™
ﬂ Reservoir Editor - E
Reservoir Edit Dam
Resenoir Birch Hill ~ | Description L [w][«] azgrml@@
Physical | Operations | Observed Data
A: Birch Hill Birch Hill-Dam
: 8 Pool
E‘"'v Elevation attop of dam (ft)
@ Slide Gates
L€ Spillway Length at top of dam (ft)
Composite Release Capacity
Elevation Controlled | Uncontrolled Total
(ft) (cfs) (cfs) (cfs) 260
815.0 0.0 0.0 (] S T
817.5 350.0 0.0 350.0 Te 4
£20.0 £00.0 0.0 £00.0 Z 8207
822.5 1,450.0 0.0 1,450.0 T
825.0]  2,200.0 0.0]  2,200.0 0 100,000
827.5 3,100.0 0.0 3,100.0 Flow
830.0 4,150.0 0.0 4,150.0(2 (cfs)
832.5 5,300.0 0.0 5,300.0
£35.0 §,400.0 0.0 §,400.0
837.5 7,300.0 0.0 7,300.0
840.0 8,100.0 0.0 g,100.0
842.5 8,600.0 0.0 8, 800.0[ 4
£45.0 9,450.0 0.0 9,450.0
847.5| 10,050.0 0.0] 10,0s0.0
852.0| 10,500.0 0.0/ 10,500.0
g52.9| 10,500.0 2,800. 13,300.0
853.0] 10,500.0 3,500.0[ 14,000.0
854.0 10,500.0 8,000.0( 18,500.0
855.0] 10,500.0[ 15,600.0] 26,100.0
g56.0| 10,500.0[ 24,000.0] 34,500.0
es7.0/ 10,500.0/ 34,000.0] 44,500.007
l OK ] [ Cancel Apply

N

=

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Birch Hill’s
“ExistingOps” operational zones, which consist of zones of Excess Surcharge (864 ft), Surcharge Storage
(854 ft), Flood Control (852 ft), Conservation (816-825 ft), and Inactive zone (815 ft).

Operation Set | ExistingOps v | Description @

Zone-Rules | | o] |

‘ %cgz?esg:;h’:)rgs;e = Storage Zone | Conservation Description )

#% Surcharge Storage i

@ Gate Operation During Surcharge FUDCIon of | Date
#A Flood Control .
@ Channel Capacity Date Top Elevation (ft)
@ Minimum Releases 01Jan 816.0| »
@ Control for Athol 01Apr 816.0
[@ Connecticut at Montague - Linear 15Apr 825.0 850
[@ Connecticut at Hartford - Linear 17Apr 816.0
[@ Maximum Rate of Increase
[@ Maximum Rate of Decrease
[@ Pool Elevation Rate of Change
[@ Max Outflow = Max 21d Inflow
P Conservaton] S
[@ Channel Capacity
&#-{ } Min Flow Logic - Birch Hill 810 s P
@ Control for Athol Jan Mar May Jul Sep Nov
[@ Connecticut at Montague - Linear
[@ Connecticut at Hartford - Linear
[@ Maximum Rate of Increase
[@ Maximum Rate of Decrease
[@ Pool Elevation Rate of Change
#A /nactive

860

840

8304

Elevation (f)

Zone Sort Elevation

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
ExistingOps. As described in the Simulation/Verification section of the report, adjustments were made
to the operations to closer match gauge data.

Reservoir Edit Operations Zone Rule IF_Block

Resenoir | girch Hill ~ | Description

Physical | Operations | Observed Data

Operation Set :ExistingOps

Zone-RuIesi:’-, A[[e I |

™ Excess Surcharge
~-[@ Gate Ops to Save Dam
# Surcharge Storage
[l Gate Operation During Surcharge
#& Flood Control
-[@ Channel Capacity
-[@ Minimum Releases
--[@ Control for Athol
[l Connecticut at Montague - Linear
[l Connecticut at Hartford - Linear
-[@ Maximum Rate of Increase
-[@ Maximum Rate of Decrease
-[@ Pool Elevation Rate of Change
-l Max Outflow = Max 21d Inflow
-
[ Channel Capacity
=-{ } Min Flow Logic - Birch Hill
== |F (Jan-Mar)
= } Min Flow - Birch Hill (O-M)
E‘* IF (Birch Hill Inflow < 175 cfs)
¢ “-[@ Min Q- Birch Hill - Release Inflow
E“ ELSE (Birch Hill Inflow == 175 cfs)
“[@ MinQ - Birch Hill - ABF (O-M)
== ELSE IF (Apr-May)
EJ{} Min Flow - Birch Hill (A-M)
== |F (Birch Hill Inflow < 700 cfs)
¢ [@ Min Q- Birch Hill - Release Inflow
B* ELSE (Birch Hill Inflow ==700 cfs)
“[@ MinQ - Birch Hill - ABF (A-M)
- = ELSE IF (Jun-Sep)
=-{ } Min Flow - Birch Hill (J-S)
== |F (Birch Hill Inflow < 90cfs)
. [@ Min Q- Birch Hill - Release Inflow
E‘* ELSE (Birch Hill Inflow == 90cfs)
“[@ MinQ - Birch Hill - ABF (J-S)
(S8 W ELSE IF (Oct-Dec)
=-{ } Min Flow - Birch Hill (O-M) (copy)
== |F (Birch Hill Inflow < 175 cfs)
¢ -[@ Min Q- Birch Hill - Release Inflow
E}* ELSE (Birch Hill Inflow == 175 cfs)
@ MinQ - Birch Hill - ABF (O-M)
-[@ Control for Athol
-[@ Connecticut at Montague - Linear
[l Connecticut at Hartford - Linear
[l Maximum Rate of Increase
[l Maximum Rate of Decrease
--[@ Pool Elevation Rate of Change
MR [nactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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C. Rule Descriptions

1. Gate Ops to Save Dam

Figure 7 shows the content of “Gate Ops to Save Dam” rule. This rule represents the maximum
allowable release from Slide gates when the pool is in Excess Surcharge zone as a function of

pool elevation.

Operation Set :ExisﬁnQOps

> Description

Zone-Rules | e Aloc [ ouaoes [ S

#A Excess Surcharge

@
#& Surcharge Storage

--[@ Gate Operation During Surcharge
#& Flood Control
-[@ Channel Capacity
~[@ Minimum Releases
-[@ Control for Athol
--[@ Connecticut at Montague - Linear
--[@ Connecticut at Hartford - Linear
[ Maximum Rate of Increase
--[@ Maximum Rate of Decrease
--[@ Pool Elevation Rate of Change
-l Max Outflow = Max 21d Inflow
@ Conservation
-[@ Channel Capacity
#-{ } Min Flow Logic - Birch Hill
-[@ Control for Athol
--[@ Connecticut at Montague - Linear
--[@ Connecticut at Hartford - Linear
[ Maximum Rate of Increase
[ Maximum Rate of Decrease
--[@ Pool Elevation Rate of Change
#A [nactive

Operates Release From: Birch Hill-Slide Gates

Rule Name: |Gate Ops to Save Dam | Description:

Function of: jéirch Hill-Pool Elevation, Lagged Value, 48.0 hr lag

Limit Type: Maximum v | Interp. [Linear v |

Elev (ft) Release (cfs)
854.0 0.0| ~
855.0 1600.0
856.0 3300.0
857.0 4900.0
858.0 11000.0
860.0 11000.0
862.0 11000.0
864.0 11000.0

E 9 | o

12,000
8,000

4,000+

Release (cfs)

01T T T T T T T 717

854 856 858 860 962 964

Elev (ffy
[ Hour of Day Multiplier
] Day of Week Multiplier
] Rising/Falling Condition
[7] seasonal Variation

[] Period Average Limit

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet —Gate Ops to Save Dam
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2. Gate Operation During Surcharge
Figure 8 shows the content of “Gate Operation During Surcharge” rule. This rule represents the
maximum allowable release from Birch Hill when the pool is in surcharge Storage zone as a
function of pool elevation.

Operation Set iExistingOps vj Description

Zone-Ruleslqv I I I I

#h Excess Surcharge Operates Release From: Birch Hill-Birch Hill
[l Gate Ops to Save Dam o e - - Cen it
¥ Surcharge Storage ule Name: \oeration During Surcharge | Uescription:

&} Gate Operation During Surcharge

# Flood Control Function of. |Birch Hill-Pool Elevation, Lagged Value, 48.0 hr lag

--[@ Channel Capacity
[@ Minimum Releases
-[@ Control for Athol
--[@ Connecticut at Montague - Linear Elev () Release (cfs)
@ Connecticut at Hartford - Linear 852.0 2800.0| -
-[@ Maximum Rate of Increase 852.9 0.0
-[@ Maximum Rate of Decrease 854.0 0.0 0
[@ Pool Elevation Rate of Change L e AR P )
- Max Outflow = Max 21d Inflow AR B 2RO
#n Conservation Elev (ff)
--[@ Channel Capacity
- } Min Flow Logic - Birch Hill [7] Period Average Limit Edit...
-[@ Control for Athol o :
--[@ Connecticut at Montague - Linear (71 Hour of Day Multiplier ES
-[@ Connecticut at Hartford - Linear [7] Day of Week Multiplier Edit...
-[@ Maximum Rate of Increase o : . -
[ Maximum Rate of Decrease [7] Rising/Falling Condition Edit.

[@ Pool Elevation Rate of Change [7] seasonal Variation
@™ [nactive

EB @)

Limit Type: |Maximum v | Interp. [Linear

3,000

2,000+

1,000+

Release {cfs)

-

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet —Gate Operation During Surcharge
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3. Channel Capacity
Figure 9 shows the content of “Channel Capacity” rule. This rule assigns 2000 cfs as a maximum
channel capacity.

Operation Set rExistinQOps v: Description | C]
Zone-Rules {:»1;» I ] tor. Gred .Ig,, Sched ] £ I
#h Excess Surcharge Operates Release From: Birch Hill-Slide Gates
“-[@ Gate Ops to Save Dam Sl - D taioion:
¥ Surcharge Storage ule Name: |Channel Capacity eSO @]
(@ Gate Operation During Surcharge : N
# Flood Control Euncion ot ipate |
8~ §Channel Capacity . o \ o )
@ Minimum Releases Limit Type: | Maximum v | Interp. |Linear v 289
@ Control for Athol = = = 2.820-
@ Connecticut at Montague - Linear e elease (cfs) e
~[@ Connecticut at Hartford - Linear 01Jan 2800.0| ~| 5 2810
~[@ Maximum Rate of Increase o 2,800
[ Maximum Rate of Decrease & 2,790
~[@ Pool Elevation Rate of Change & 2,780
@ Max Outflow = Max 21d Inflow 2,770 | R R L
#™ Conservation Jan May Sep
1@ Channel Capacity
&-{ } Min Flow Logic - Birch Hill [7] Period Average Limit
-[@ Control for Athol - -
--[@ Connecticut at Montague - Linear "1 Hour of Day Multiplier
--[@ Connecticut at Hartford - Linear [ Day of Week Multiplier
@ Maximum Rate of Increase n ) »
[@ Maximum Rate of Decrease [7] Rising/Falling Condition
@ Pool Elevation Rate of Change Seasonal Variation Edit_ |
#A [nactive /

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet —Channel Capacity
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4. Minimum Releases
Figure 10 shows the content of “Minimum Releases” rule. This rule shows the minimum
required release of 90 cfs from the dam during flood control operations.

Operation Set ZE,’S‘S“I‘QQP,S, v: Description
Zone-Rules |ReliAlloc.| outages | stor.Gredit | Dec.sched. | Projectea Eie
¥ Excess Surcharge Operates Release From: Birch Hill-Slide Gates

[l Gate Ops to Save Dam
@ Surcharge Storage

‘[l Gate Operation During Surcharge
@ Flood Control
- Channel Capacity

&~ Rilinimum Releases Limat Type: :Minimum ' Interp.: :Unear '

91.0
[l Control for Athol
W Conol forAltio Date Release (cfs)

Rule Name: [pinimum Releases | Description: |

E = 3]

Function of |pate

--[@ Connecticut at Montague - Linear o 905
- Connecticut at Hartford - Linear 01Jan 800/« &

-[@ Maximum Rate of Increase 2 90.0
~[@ Maximum Rate of Decrease 3 g5
-[@ Pool Elevation Rate of Change &

{8 Max Outflow = Max 21d Inflow 89.0 a3
#™ Conservation Jan  May  Sep
--[@ Channel Capacity

T
&-{ } Min Flow Logic - Birch Hill [T] Period Average Limit
--[@ Control for Athol i s
--[@ Connecticut at Montague - Linear IEl} Houe of Day Muttiplier
[ Connecticut at Hartford - Linear ] Day of Week Multiplier
-[@ Maximum Rate of Increase o ; e
-[@ Maximum Rate of Decrease ("] Rising/Falling Condition
[@ Pool Elevation Rate of Change Seasonal Variation Edit..
™ [nactive

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet —Minimum Releases
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5. Control for Athol
Figure 11 shows the content of “Control for Athol” rule. This rule represents the maximum
release from the dam as a function of stage at Athol over the previous four days. This rule was
taken from a previously created ResSim model of Birch Hill dam.

Operation Set :ExistinQOps v Description
Zone-Rules | Rel.Allocs | Outages | stor. Credit| Dec.Sched.| Projected Ele
#h Excess Surcharge Operates Release From: Birch Hill-Slide Gates

[l Gate Ops to Save Dam
A Surcharge Storage

“-[@ Gate Operation During Surcharge . r - —
# Flood Control Function of: |jjers at Athol Stage, Period Average, 24.0 hrlag, 72.0 hr period |
-[@ Channel Capacity

[@ Minimum Releases

Rule Name: |Control for Athol | Description: |

Limit Type: Manmum - Interp.: ;ungar ',‘

] ., 200

~[@ Connecticut at Montague - Linear Stage (f) Release (cfs) £ 50004

-[@ Connecticut at Hartford - Linear 0.0 28000/ | T 4

-[@ Maximum Rate of Increase 2.0 1400.0 § 1,000

-[@ Maximum Rate of Decrease 3.0 90.0 = y

-[@ Pool Elevation Rate of Change 10.0 90.0 x L S B B B B B

-8 Max Outflow = Max 21d Inflow 02 4 6 8 10
@& Conservation Stage (f)

-[@ Channel Capacity
#-{ } Min Flow Logic - Birch Hill [7] Period Average Limit

@ Control for Athol -
-[@ Connecticut at Montague - Linear (] Hour of Day Multiplier

-[@ Connecticut at Hartford - Linear [7] Day of Week Multiplier

-[@ Maximum Rate of Increase o : 7
@ Maximum Rate of Decrease B stiskg® Sing Concbion

-[@ Pool Elevation Rate of Change ["] Seasonal Variation Edit..
A [nactive

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet —Control for Athol
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6. Connecticut at Montague — Linear
Figure 12 shows the content of “Connecticut at Montague-Linear” rule. This rule represents the
maximum allowable release from the dam as a function of the previous day stage at Montague.
The previous day stage was used to account for the delay that occurs between the stage
exceeding the specified target and the change in operations at the flood control dams that
occurs in reality.

Operation Set iExistingOps v: Description [3‘
Zone~Ru|es‘ 26 I — l tor-Gredit:| De =7 I
wh Excess Surcharge Operates Release From: Birch Hill
[l Gate Ops to Save Dam ) Db
#A Surcharge Storage Rule Name: | cticut at Montague - Linear Description: @

[l Gate Operation During Surcharge ; : -
# Flood Control Function of: | Connecticut at Montague Stage, Previous Value

[l Channel Capacity e r . r .
imit Type: i Interp.: | Li
~[@ Minimum Releases Limit Type: |Maximum ~ | P Linear w |

~[@ Control for Athol g

- Sege® | Releasece) | | g0

~[@ Connecticut at Hartford - Linear 0.0 2800.0| ~| & 77 -

-[@ Maximum Rate of Increase 26.0 2800.0 § 1,000

~[@ Maximum Rate of Decrease 27.0 2240.0 < .

- Pool Elevation Rate of Change 28.0 1680.0 = L2 o g ol o e s o

<[ Max Outflow = Max 21d Inflow 29.0 1120.0 0 10 20 30 40 50
# Conservation 30.0 560.0 Stage ()

-[@ Channel Capacity 31.0 0.0
&-{ } Min Flow Logic - Birch Hill 50.0 0.0 [7] Period Average Limit

-[@ Control for Athol =

~[@ Connecticut at Montague - Linear ("] Hour of Day Multiplier

[l Connecticut at Hartford - Linear [7] Day of Week Multiplier
-[@ Maximum Rate of Increase . ) - -
-[@ Maximum Rate of Decrease [C] Rising/Falling Condition
5 [@ Pool Elevation Rate of Change [7] seasonal Variation
™ [nactive

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at Montague — Linear
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7. Connecticut at Hartford — Linear
Figure 13 shows the content of “Connecticut at Montague-Linear” rule. This rule represents the
maximum allowable release from dam as a function of previous day stage at Hartford. The
previous day stage was used to account for the delay that occurs between the stage exceeding
the specified target and the change in operations at the flood control dams that occurs in

reality.
Operation Set :ExistingOps v Description =)
Zone-Rules | - o] outages ]
#A Excess Surcharge Operates Release From: Birch Hill
@ Gate Ops to Save Dam : s
# Surcharge Storage Rule Name: ecticut at Hartford - Linear | Description: )
- [@ Gate Operation During Surcharge 3
A Flood Control Function of: |Connecticut at Hartford Stage, Previous Value
@ Channel Capacity o - 1 ‘ .
Limit Type: i v | Interp.: |Lj v
@ Minimum Releases IMLpe: | Madmumy,) NP |Lineanes, s
@ Control for Athol o == = s
@ Connecticut at Montague - Linear age () BIEERHC) £ 2,000
8 ~YConnecticut at Hartford - Linear 0.0 28000 » @ -
@ Maximum Rate of Increase 18.0 2800.0 @ 1,000
@ Maximum Rate of Decrease 19.0 2240.0 = y
@ Pool Elevation Rate of Change 20.0 1680.0 0 : T 1'0 T 2'0 T 3'0 T 4'0 T 2
@ Max Outflow = Max 21d Inflow 21.0 1120.0
@ Conservation ggg 558-8 Stage (ff)
-[@ Channel Capacity . .
&-{ } Min Flow Loagic - Birch Hill 50.0 0.0 [~] Period Average Limit
@ Control for Athol o
@ Connecticut at Montague - Linear (= Hour of Day Multiplier
@ Connecticut at Hartford - Linear [7] Day of Week Multiplier
@ Maximum Rate of Increase o ) » =
@ Maximum Rate of Decrease ("I Rising/Falling Condition
@ Pool Elevation Rate of Change [] Seasonal Variation Edit...
BB o

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at Hartford - Linear
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8. Maximum Rate of Increase
Figure 14 shows the content of “Maximum Rate of Increase” rule. This rule shows the increasing
maximum allowable release rate of change rule as a function of release from Birch Hill dam.

Operation Set | ExistingOps v | Description (]

Zone-Rules | | es | | [

#A Excess Surcharge Operates Release From: Birch Hill-Slide Gates
@ Gate Ops to Save Dam

@& Surcharge Storage Release Rate of Change Limit |jjaximum Rate of Increase

@ Gate Operation During Surcharge Description: @]
& Flood Control
[@ Channel Capacity
[@ Minimum Releases Type r ;
@ Control for Athol o inseeasiog =
[@ Connecticut at Montague - Linear Interpolate |Linear - 550
@ Connecticut at Hartford - Linear )
[ BMaximum Rate of Increase Release (cfs) Rate Change (cfs/hr) 5001
[@ Maximum Rate of Decrease 00 5000 450
[l Pool Elevation Rate of Change 2000'0 500'0
= - : 400
@ Max Outflow = Max 21d Inflow 20001 200.0
350

Wl Conservation 123456.0 200.0
[@ Channel Capacity
300
250

#-{ } Min Flow Logic - Birch Hill

@ Control for Athol

[@ Connecticut at Montague - Linear 2004
[@ Connecticut at Hartford - Linear

[@ Maximum Rate of Increase S KUy e e o e e
[@ Maximum Rate of Decrease 0 60,000 120,000

[@ Pool Elevation Rate of Change Release (cfs)
#A [nactive

Function Of: :Release b

Rate Change (cfsthr)

m

Figure 14: Reservoir Editor: Operations Tab — Existing Ops OpSet — Maximum Rate of Increase

9. Maximum Rate of Decrease
Figure 15 shows the content of “Maximum Rate of Decrease” rule. This rule shows the
maximum allowable decreasing release rate of change rule.

Operation Set ExistingOps v | Description &

Zone-Rules | | [

#% Excess Surcharge

@ Gate Ops to Save Dam
A Surcharge Storage

[@ Gate Operation During Surcharge
@ Flood Control
W@ Channel Capacity
[@ Minimum Releases
@ Control for Athol
[@ Connecticut at Montague - Linear
@ Connecticut at Hartford - Linear
@ Maximum Rate of Increase
]
[@ Pool Elevation Rate of Change
@ Max Outflow = Max 21d Inflow
™ Conservation
[@ Channel Capacity
- } Min Flow Logic - Birch Hill
@ Control for Athol
[@ Connecticut at Montague - Linear
[@ Connecticut at Hartford - Linear
[@ Maximum Rate of Increase
@ Maximum Rate of Decrease
@ Pool Elevation Rate of Change
#A [nactive

Operates Release From: Birch Hill-Slide Gates
Release Rate of Change Limit ||jaximum Rate of Decrease

Description:

Function Of: Constant >
Type |Decreasing ¥
Max Rate of Change (cfs/hr) 1000.0

Figure 15: Reservoir Editor: Operations Tab — Existing Ops OpSet — Maximum Rate of Decrease

73



10. Max Pool Elev ROC
Figure 16 shows the content of “Max Pool Elev ROC” rule.
allowable decreasing pool elevation rate of change.

Resenvoir | Birch Hill -

| Bysical| Operations | Opserved Data|

Description

| (][] 61073 ](m]

Operation Set | ExistingOps v | Description )]
Zone-Rules | | es | |
A Excess Surcharge Operates Release From: Birch Hill
[@ Gate Ops to Save Dam " § -
A Surcharge Storage Elevation Rate of Change Limit |pool Elevation Rate of Change
@ Gate Operation During Surcharge Description @)

#™ Flood Control
[@ Channel Capacity
@ Minimum Releases

ﬁ Maximum Rate of Increase

Function Of. | constant

@ Period Average

a Control for Athol Type Decreasing ¥ ]
[@ Connecticut at Montague - Linear 8
[@ Connecticut at Hartford - Linear (© Instantaneous

This rule shows the maximum

@ Maximum Rate of Decrease

B
[@ Max Outflow = Max 21d Inflow
@ Conservation

[@ Channel Capacity

@-{ } Min Flow Logic - Birch Hill

@ Control for Athol

[@ Connecticut at Montague - Linear
[@ Connecticut at Hartford - Linear
[@ Maximum Rate of Increase

@ Maximum Rate of Decrease

@ Pool Elevation Rate of Change
#h [nactive

Max Change of (ft) 5.0/ over 24| hours

Figure 16: Reservoir Editor: Operations Tab — Existing Ops OpSet — Pool Elevation Rate of Change

11. Max Outfow equals 21 day max inflow
Figure 17 shows the content of “Max Outflow equals 21 day max inflow” rule. This rule
represents the maximum release from dam as a function of the previous 3 weeks of inflow.

Operation Set ‘Existingo;)s v: Description @

Zone-Rules | [ [

@A Excess Surcharge

@ Gate Ops to Save Dam
@& Surcharge Storage

[@ Gate Operation During Surcharge
w& Flood Control

[@ Channel Capacity

Operates Release From: Birch Hill
Rule Name: | x Qutflow = Max 21d Inflow | Description:

Function of: ' Hill-Pool Inflow, Period Maximum, 0.0 hr lag, 504.0 hr period

@ Minimum Releases Limit Type: | Maximum ~ | Interp. Linear v
@ Control for Athol ~ 30007
[@ Connecticut at Montague - Linear Flow{cts) Release (cfs) 2 5 000
[@ Connecticut at Hartford - Linear 0.0 0.0/« & 7 ]
[@ Maximum Rate of Increase 2800.0 2800.0 @ 1,000
[@ Maximum Rate of Decrease 123456.0 2800.0 E u_

T

@ Pool Elevation Rate of Change

B d
#h Conservation

[@ Channel Capacity
&-{ } Min Flow Logic - Birch Hill

@ Control for Athol

[@ Connecticut at Montague - Linear

[@ Connecticut at Hartford - Linear

[@ Maximum Rate of Increase

@ Maximum Rate of Decrease

[@ Pool Elevation Rate of Change
#™ [nactive

T T T T T
60,000 120,000
Flow {cfs)

[ Period Average Limit
[] Hour of Day Multiplier
| Day of Week Multiplier

[ Rising/Falling Condition

| Seasonal Variation

Figure 17: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Outflow equals 21 day max
inflow
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12.Min flow Logic-Birch Hill
Figure 17 shows the content of “Min Flow Logic-Birch Hill” rule. This rule shows the minimum
release from dam as a function of inflow for different months.

Operation Set | ExistingOps - | Description ™
Zone-Rules | | | |
“ || Operates Release From: Birch Hill-Slide Gates
== |F (Jan-Mar)
EI---{.] Min Flow - Birch Hill {O-M) Mame: |ifin Flow Logic - Birch Hill | Description: [
E}-P IF (Birch Hill Inflow < 175 cfs)
¢ [ Min Q- Birch Hill - Release Inflow Type MName Description
E}-P ELSE (Birch Hill Inflow == 175 cfs) IF Jan-Mar
[l MinQ - Birch Hill - ABF (D-M) ELSEIF |Apr-May
== ELSE IF (Apr-May) ELSE IF [Jun-Sep
9---{.} Min Flow - Birch Hill (A-M) i ELSEIF |Oct-Dec

== IF (Birch Hill Inflow = 700 cfs)

P @ Min Q- Birch Hill - Release Inflow
== ELSE (Birch Hill Inflow ==700 cfs)

== ELSE IF (Jun-Sep)
=-{ } Min Flow - Birch Hill (J-5)
E}* IF (Birch Hill Inflow = 90¢cfs)

m

E}* ELSE (Birch Hill Inflow == 90cfs)
[l MinQ - Birch Hill - ABF (J-3)
Ef* ELSE IF (Oct-Dec)

=-f } Min Flow - Birch Hill (0-M) {copy)

- = IF (Birch Hill Inflow < 175 cfs)

=
@]
i
m
o
=
I
T
=
m
m
=
2
=
1

Figure 17: Reservoir Editor: Operations Tab — Existing Ops OpSet —Min Flow Logic-Birch Hill
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Borden Brook

Borden Brook

l. Overview

Borden Brook dam is located in Granville, MA and feeds into the Westfield River. It is owned by the City
of Springfield and is used for drinking water supply and hydroelectric power generation. Construction of
the dam was completed in 1909.

Figure 1 shows the location of Borden Brook Dam as it is represented in the HEC-ResSim model. Figure 2
shows an aerial view of the reservoir.

MLittle+Borden Brook
Cobble Mountain_In

p=oose Pond_In
gt ut at West Lebanon
rafton Fond_In

Cobble Mo

Borden Brook_Out

/ Borden Brook_In

fMdbrook Diversion

4
est Ware

onnecticut-at-houth “

Figure 1: HEC-ResSim Map Display Showing Location of Borden Brook
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Borden Brook

Figure 2: Aerial photo of Borden Brook Reservoir

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3'*. The dam consists of

four types of outlets: (1) uncontrolled spillway, (2) controlled Upper 24-inch outlet, (3) controlled Lower
24-inch outlet, and (4) controlled Low-Level 36-inch outlet as shown in Figure 4.

12 Springfield Water and Sewer Commission. Water Supply System History and Statistics. 1999
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e

Reservoir Editor

Reservoir Edit Pool

Resenvoir [Borden Brook

v] Description |

0 (W] 11 of 74| ](m)

Physical |Qperaﬁon5 OgsenredData|

A Borden Brook

=57 Borden Brook-Westfield

<> Spillway

@ Upper 24-inch outlet

@ Lower 24-inch outlet

@ Low-Level 36-inch outlet

Borden Brook-Pool

@ Linear Interpolation

() Conic Interpolation

initial Conic Deptn () | |

Elevation Storage Area

(ft) {ac-ft) {acre) 1080
1004.00 0.00 0.00 T4
1070.00 7095.00 215.00f 10807
1079.50 9230.00 235.00 5’1,040—
m1.020:

1000 T T T T T T T 1T

0 4,000 8,000

Storfac-f)

1,080

1,060

= 1,040
a -

W20

1.000 T T 1
0 80 100 150 200

Areafacre)

Figure 3: Reservoir Editor -- Physical Tab -- Pool

e

ﬂ Reservoir Editor

Reservoir Edit Dam

OK ” Cancel H

Apply

Resenvoir ’Etorden Brook

v] Description|

Q) (@) 11074 ][]

Physical | Operations | Observed Data|

A Borden Brook

@ Upper 24-inch outlet
4% Lower 24-inch outlet
----- @ Low-Level 36-inch outlet

Borden Brook-Borden Brook-Westfield

Elevation at top of dam (ft) |

1

079.5|

Length at top of dam (ft) |

?50.0|

Composite Release Capacity

Controlled
(cfs)

Uncontr...
(cfs)

Elevation

1,080

0.0

1,060

168.0

£ 1,040

265.0

Eleration

1,020

356.0

1000 TTTTTTIT

428.0

0 3,000

439.0

Flowae

543.0

[cf=)

253.0

639.0

681.0

721.0

T59.0

795.0

ploloojlo|o|lo|o|lo|o|lo|lo|lo|o
v
EEE E L S = = = =R ==

an n

Figure 4: Reservoir Editor -- Physical Tab -- Dam
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lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Borden
Brook’s “ExistingOps” operational zones, which consist of the zones Top of dam (1079.5 ft),

Conservation (1070 ft), and Inactive (1004 ft)".

- >
EI Reservoir Editor -

===

Reservoir Edit Operations Zone Rule IF Block

------ [@ Gate Ops to Save Dam

L Function of | Date

[l Maximum controlled release

----- [E Release avg inflow _
o [nactive Date Top Elevation. ..

01Jan 1070.0

Zone Sort Elevation

Elevation ()

Reservoir jElnrden Brook vi Description | [W](a] 11074 |0 ](n]
| Physical| Operations | Opserved Data
Operation Set :Existing Ops v: Description [:]
Zone-Rules | | | |
n Flood Control Storage Zone | Conservation Description 2

1,090

1,080

1,070
1,060
1,050
1,040
1,030
1,020
1,010

1,000

Jan Mar May  Jul Sep Mow

oK

] [ Cancel Apply

Figure 5: Reservoir Editor -- Operations Tab —Existing Ops OpSet — Guide Curve

B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named

Existing Ops.
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:i Reservoir Editor

Reservoir Edit Operations Zone Rule

Resernvoir :Elnrden Broaok ':

Physical | Operations | Observed Dat;

Cperation Set :Existing Ops

Zone-Rules | | |

w* Flood Control

------ [B Gate Ops to Save Dam
__JConservation|

[l Maximum controlled release

------ [B Release avg inflow
Wi [nactive

Figure 6: Reservoir Editor -- Operations Tab — Existing Ops OpSet — Zones and Rules

C. Rule Descriptions

1. Gate Ops to save Dam
Figure 7 shows the content of “Gate Ops to save Dam” rule. This rule increases the minimum
release from Dam as a function of pool elevation.

Operation Set :Existing Ops v: Description E]
Zone-Rules | | |
Il‘:" Flood Control Operates Release From: Borden Brook-Borden Brook-Westfield
i §Gate Ops to Save Dam _ .
|4 Conservation Rule Name: | Gate Ops to Save Dam | Description: | This was based on whz[__Je
[l Maximum controlled release .
[l Release avg inflow Function of. | Borden Brook-Pool Elevation, Previous Value
(w8 [nactive Limit Type: |Min. | Interp: | =
: : : C @ 18003
Elev () Release (cfs) e /
1070.0 00~ 2 T —TTT T T T T
1076.0 10 = yg70 1072 1074 1,076 1,078 1,080
1077.0 471.0 Bew (ft)
1078.0 953.0
1079.0 14440 [7] Period Average Limit Edit...
1079.5 1934.0 [ Hour of Day Multiplier
7] Day of Week Mulliplier
[ Rising/Falling Condition
| [[] seasonal Variation Edit...

Figure 7: Reservoir Editor -- Operations Tab — Existing Ops OpSet — Gates Ops to save Dam
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2. Maximum controlled release

Figure 8 shows the content of “Maximum controlled release” rule. This rule represents the
maximum release from reservoir as a function of date.

Operation Set :Existing Ops v: Description [:]

Zone-Rules | | |

#& Flood Control Operates Release From: Borden Brook-Borden Brook-Westfield

B Conservation Rule Name: | syimum controlled release | DeScrption: | The maximum flow in th(_Je

Function of | Date

i [nactive Limit Type: |Max_ - | Interp: | |
o 1607
Date Release (cfs) B 1,680
01Jan 16750| «| & 16707
S 3 vee]

T T T T T
Jan haEr by Jul Sep How

[7] Period Average Limit m
" | ] Hour of Day Multiplier

[] Day of Week Multiplier
| [IRisingFalling Condition

Seasonal Variation Edit...

Figure 8: Reservoir Editor -- Operations Tab — Existing Ops OpSet — Maximum controlled release

3. Release avg Inflow

Figure 9 shows the content of “Release avg Inflow” rule. This rule represents the maximum
release from reservoir as a function of Inflow.

Operation Set :Existing Ops v: Description [:]

Zone-Rules | | |

™ Flood Control

Operates Release From: Borden Brook-Borden Brook-Westfield
------ [ Gate Ops to Save Dam

| Conservation Rule Name: Release avg inflow Description: ||_acking information on [
----- [B Maximum controlled release )
W ~YRelcase avg inflow Function of. | ool Inflow, Period Average, 0.0 hrlag, 168.0 hr period
#A [nactive Limit Type: |Max_ - | Interp. |+

} : : | & 2000

Flow (cfs) Release (cfs) é’ 1,000
0.0 U-U‘%D|||||||||
2000.0 2000.0 o 0 400 =00 1,300 1600 2,000

Flow (cfs)

[7] Period Average Limit m
[ Hour of Day Multiplier
] Day of Week Multiplier
[] RisingFFalling Condition | Edit.. |
"1 [T seasonal Variation Edit...

Figure 9: Reservoir Editor -- Operations Tab — Existing Ops OpSet — Release avg inflow

81



Canaan

Canaan

l. Overview

The Canaan Hydroelectric Project is an existing licensed minor hydroelectric project owned and
operated by Public Service of New Hampshire (PSNH). It is located at river mile 370 on the Connecticut
River, ten miles below Murphy Dam and 80 miles upstream of Gilman Dam. The project is located in the
towns of Canaan, Vermont and Stewartstown, New Hampshire. It was originally constructed by the W.F.
Allen Company in 1927; the dam, a concrete gravity structure, was reconstructed in 1943 to replace the
timber dam that failed. The purpose of the dam is to impound water for hydroelectic power generation,
however, it is currently operated on a strict run-of-river basis.

Figure 1 shows the location of Canon as it is represented in the HEC-ResSim model. Figure 2 shows a
photo of the project.

i )‘.‘._’
EA%HP_Coldbrook Diversion

M
Wiest Ware

¥
& "

,a‘fi: "% )

Sonmecticut at Wouth = .

Figure 1: HEC-ResSim Map Display Showing Location of Caanan
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Canaan

Figure 2: Photo of Canaan Hydroelectric project

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3**. The dam consists of
seven types of outlets: (1) uncontrolled Bay#1, (2) uncontrolled Bay#5 (flashboards all in), (3)
uncontrolled Bay#5 (flashboards partly cleared), (4) uncontrolled Bay#2, (5) uncontrolled Bay#3, (6)
uncontrolled Bay#4 , and (7) controlled Tunnel discharge as shown in Figure 4'*. The power plant has a
maximum capacity of 550 cfs and a constant tailwater elevation of 1031.5 feet.

3 NHDam Data Sheet. Canaan. 2003.
" National Dam Inspection Program. Phase | Inspection Report Canaan. 1980.
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p
m Reservoir Editor

e [ —— — e

Reservoir Edit Pool

0] @) 160174 [®)00

Bhysical | Operations | Observed Data|

A: Canaan Canaan-Pool
pi{Pool]
- e @ Linear Interpolation () Conic Interpolation  Initial Conic Depth (ft) l:l
H Controlled Outlet
% gg"c‘roer:t:!s? Outlet Elevation Storage Area
i (ft) (ac-ft) (acre)
1041.00 0.00
1055.00 20000.00 Ly
1064.00 50000.00 1,060
= 4
=
21 0480+
w -
1040717 1T T 77T
20,000 40,000
Star (ac-f)
1 1,070
. 1,060
= i
ERNEE
w -
U0 B o o oy o o o o
0 1,500 3,000 4,500
Area (acre)
[ OK H Cancel Apply

f -

L.

Figure 3: Reservoir Editor -- Physical Tab -- Pool

p
m Reservoir Editor

— e [ —— — )

Reservoir Edit Dam

Resenvoir [Canaan

L] [w][«] 15 of 74 | ](M]

v] Description |

Bhysical | Operations | Observed Data|

f _

A: Canaan Canaan-Dam
St
Z .
S Controlled Outet Elevation attop of dam (ﬂ)| 1064_0|
%% Uncontrolled Outlet Length at top of dam (ft) | 2?5.0|
FPower Plant
: 0 Tailwater Compaosite Release Capacity
Elevation Controlled | Uncontrolled Total
() (cfs) (cfs) (cfs) 1707
1,041.0 3,900.0 0.0 3,900.00 - 51,0604
1,045.0 3,900.0 0.0 3,900.0 | B 2 1 p504
1,055.0 3,900.0 0.0 3,900.0 = '
1,055.9 1,291.3 384.2 4,675.5 1,040 117
1,056.8 4,682.6 1,086.7 5,769.3 0 15000
1,057.7 5,073.8 1,996.4 7,070.3) Flome
I 1,058.6 5, 465.1 3,073.7 8,538.8|" {cfs)
1,059.5 5,856.4 4,295.7 10,152.1
1,060.4 £,247.7 5,646.8 11,894.5
1,061.3 6,638.9 7,115.8 13,754.7
1,062.2 7,030.2 8,693.8 15,724.0
1,063.1 7,421.5 10,373.9 17,795.3
1,064.0 7,812.8 12,150.0 19,962.8
1,069.1 10,030.0 12,150.0 22,180.0
i
OK ] ’ Cancel Apply

Figure 4: Reservoir Editor -- Physical Tab -- Dam
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lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release

through analysis of the rules contained within each zone. Figure 5 shows the definition of Canon Dam’s

“Existing Ops” operational zones, which consist of the zones Top of dam (1064 ft), Below Top of dam
(1063 ft), Conservation (1055 ft), and Inactive (1042 ft)*.

(i -
K1 Reservoir Editor u'

==

Reservoir Edit Operations Zone Rule IF_Block

Resemnvoir | canaan ~ | Description

Physical| Operations | Observed Data

) [u][a] 16 or 74| ][m]

Operation Set :Existing Ops v: Description [:]
Zone-Rules | Re|_A||[|c_| |
@ Top of Dam . L '
Conservation
% Below Top of Dam Storage Zone Description [
[l Min Release B
| pat [_pene._ |
-l Release 95% inflow ate m
. Jconservation] : '
: [l Min Release Date Top Elevation (ft)
"l Release 95% inflow 01Jan 1055.0 1,065
o (nactive
1,060
g |
= 1.055
o
£ 1,050
w
1.0454
1,040 T T T T T |
Jan Mar May Jul Sep Moy
Zane Sort Elevation |
QK ] l Cancel Apply
3 i 3 i v

Figure 5: Reservoir Editor -- Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named

Existing Opsls.

:i Reservoir Editor

Resemnvoir canaan

Operation Set :Existing Ops

Reservoir Edit Operations Zone Ru

Physical| Operations | Observed C

Zone-Rules | Rel. Alloc. |

g Top of Dam
w® Below Top of Dam
[l Min Release
[l Release 95% inflow
-
[l Min Release
[l Release 95% inflow
l.n Inactive

Figure 6: Reservoir Editor -- Operations Tab — Existing Ops OpSet — Zones and Rules

> public Service of New Hampshire. Canaan Hydroelectric Project: Flow Management and Impoundment & Flow

Monitoring Plan. 2010.
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C. Rule Descriptions

1. Min Release
Figure 7 shows the content of “Min Release” rule. This rule represents the constant minimum
release from the dam.

Operation Set :Existing Ops ~  Description )
Zone-Rules | Rel. Alloc | |
™ Top of Dam Operates Release From: Canaan
Below Top of Dam
‘ . Rule Mame: |\in Release Description: m

Release 95% inflow
Conservation
[E Min Release

[l Release 95% inflow
™ [nactive

Function of. |Canaan-Pool Net Inflow, Current Value

Limit Type: [Minimum  « | Interp: [Linear |

Flow (cfs) Release (cfs) o 16”:
0.0 00| .| 2%
165.0 165.0 @ g
123456.0 165.0 2 407
o a | I I I I |
0 50,000 120,000

Flow (cfs)

[ Period Average Limit
[ Hour of Day Multiplier

[7] Day of Week Multiplier

[ Rising/Falling Condition

[7] Seasonal Variation

Figure 7: Reservoir Editor -- Operations Tab — Existing Ops OpSet — Min Release

2. Release 95% Inflow
Figure 8 shows the content of “Release 95% Inflow” rule. This rule passes 95% of Inflow through
power plant as per the run-of-river modeling strategy.

@ Min Release

B BRelease 95% inflow

Conservation

i [nactive

Function of: | Canaan_In Flow, Current Value

Limit Type: [Minimum  ~| Interp: [Linear |

Flow (cfs) Release (cfs)
0.0 0.0
100.0 95.0
100000.0 95000.0

Operation Set :Existing Ops v: Description [:]
Zone-Rules | Rel ,\ngc_l |
¥ Top of Dam Operates Release From: Canaan-Power Plant
Below Top of Dam
- P Rule Mame: |Release 95% inflow Description =]

100,000 7
20,0007
60,0007
40,0007
20,0007

(1 e

1} 50,000 100,000

Flowe {cfs)

Release (cfs)

[ Period Average Limit

[] Hour of Day Multiplier
[7] Day of Week Multiplier
[7] Rising/Falling Condition

[7] Seasonal Variation

=

Figure 8: Reservoir Editor -- Operations Tab — Existing Ops OpSet — Release 95% Infl
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Cobble Mountain

l. Overview

Cobble Mountain dam is located in Granville, MA and feeds into the Westfield River. It is owned by the
City of Springfield and is used for drinking water supply for the city.

Figure 1 shows the location of Cobble Mountain Dam as it is represented in the HEC-ResSim model.
Figure 2 shows a photo of Cobble Mountain rerservoir.

4
"‘econd Connecticut Lake_Infl
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offtle Mountain_Out
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Figure 1: HEC-ResSim Map Display Showing Location of Cobble Mountain dam
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Figure 2: Photo of Cobble Mountain reservoir

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3'°. The dam consists of
two types of outlets: (1) controlled slide gates, and (2) uncontrolled outlet, as shown in Figure 4.

16 Springfield Water and Sewer Commission. Water Supply System History and Statistics. 1999
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Reservoir Edit Pool

Resenoir  cobble Mountain ~ | Description

)| (] 100r74 )]

Physical | operations | Observed Data
A CoIeMountain Cobble Mountain-Pool
00
=57 Dam at Little River @ Li Interpolati 3 Tenternalat Initial Conic Depth (ft
& Spilway @ Linear P © Conic onic Depth (ft) [
E): [P)Lv;;sr'g?a-:t"nne' Elevation Storage Area
@ Tailwater @ (ac-ft) (acre)

730.00 0.00 0.00f »
914.70 36353.00 690.00| |
916.00 37300.00 700.00
917.00 38000.00 714.00
919.00 39400.00 734.00
921.00 40900.00 755.00
922.00 41700.00 767.00)
923.00 42400.00 778.00| = AN
924.00 43200.00 789.00 I
925.00 44000.00 800.00 50,000 100,000
926.00 44800.00 812.00
927.00 45600.00 823.00 BlorEe
928.00]  46500.00 835.00 g50
929.00 47300.00 846.00| 900
930.00 48200.00 858.00 (= a50
931.00 49000.00 871.00 3>_, 3004
932.00 49900.00 883.00 w f
933.00 50800.00 896.00 LA
935.00 52600.00 922.00 0 600 1,200
936.00 53500.00 934.00
938.00 55400.00 958.00 KGR,
939.00 56400.00 971.00
940.00 57400.00 981.00
941.00 58300.00 992.00
942.00 59300.00 1005.00{ ~

[

x_)

[ cancel ][  Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

Reservoir Edit Dam

Resemnvoir | cobble Mountain v Description

) (W][a] 100174 m](m)

Physical | gperations | Opserved Data|

‘ Cobble Mountain

Pool

< spillway

-4 Diversion Tunnel

=4 Power Plant
-4 Tailwater

Cobble Mountain-Dam at Little River

Elevation attop of dam () | 972.0|
Length attop of dam (ft) | 725_()‘
Composite Release Capacity
Elevation | Controlled | Uncontroll... Total
() (cfs) (cfs) (cfs)
770.0 242.0 0 | §
780.0 314.0 0 7 &
790.0 372.0 1] %
800.0 422.0 0
810.0 466.0 0
820.0 507.0 0 E
830.0 545.0 0
£40.0 244.3 0
850.0 1,142.7 1]
£60.0 1,438.0 0.
870.0] 1,732.3 0.
880.0[ 2,025.7 0
890.0[ 2,318.0 0
900.0[ 2,608.3 0
910.0 2,898.7 0
920.0 3,188.0 0
930.0 3,476.4 1]
940.0 3,764.7 1]
950.0[ 4,052.0 0
952.0[ 4,109.3 0
.1 4,169.4 s

TTTTTTTTT
0 30,000
Flow
(cfs)

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Cobble

Mountain’s “ExistingOps” operational zones, which consist of zones of Flood Control (972 ft),
Conservation (940 ft), and Inactive zone (754 ft)".

i — — ™%
ﬂﬂeser\roir Editor - . ﬁ

Reservoir Edit Operations Zone Rule IF_Block

Resenoir | Cobble Mountain ~ | Description )| [1][] 10 0f 74 [ ][ m]

Physical | Operations | Observed Data

Cperation Set :Existing Cps v: Description IZ]
Zone-Rules | | | |
|
™ Flood Control : o
Conservation
| - Storage Zone Description [:]
[l Maximum controlled release || Function of
e Inactive
Date Top Elevation ...
01Jan 9400( -
4950+
e 800+
S
= 8507
3
800
750+
I T I I I
Jan har May Jul Sep Mow

Zone Sort Elevation

’ Ok ] [ Cancel Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops. There is a water supply timeseries for Cobble Mountain that is described in the water
supply section of the report.

:i Reservoir Editor -

Reservoir Edit Operations Zone Rule !

Resenvoir | Copble Mountain -

Physical | Operations | Observed Data

Operation Set :Existing QOps

Zone-Rules | | |

g Flood Control
L Jconservation|

------ [B Waximum controlled release
Iﬂ Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

C. Rule Descriptions

1. Maximum controlled release
Figure 7 shows the content of “Maximum controlled release” rule. This rule shows the maximum
release of 1675 cfs from Cobble Mountain.

Operation Set :Existing Ops v: Description E]
Zone-Rules | | |
#™ Flood Control Operates Release From: Cobble Mountain-Dam

# Conservation Rule Mame: |3y Description: i in thi
P T 11 2ximum controlled release - [wimum controlled release ption: | The maximum flow in this [.1

o [nactive " g
Function of: |pate

LimitType: |Maxi.. | Interp: [Li. «|

Date Release (cfs) — 1-690:
[

01Jan 1675.0) »| & 1,680+
[}

@ 4 670

I i

£ 1,660

T T T T T
Jan o may  Sep

[”] Period Average Limit

[ Hour of Day Multiplier
[] Day of Week Multiplier

[] Rising/Falling Condition

Seasonal Variation Edit...

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Maximum controlled relea
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Colebrook

l. Overview

Completed in 1969, Colebrook River Dam is owned and operated by the Metropolitan District
Commission (MDC), a non-profit municipal corporation chartered to supply drinking water and sewage
treatment to Hartford and its surrounding municipalities. During flood conditions, the Corps is
responsible for water releases. The primary function of the reservoir is for flood control. The water
storage capacity of Colebrook is approximately 10 BG, while the total capacity of the dam is
approximately 31.5 BG. Colebrook is FERC licensed to the MDC and authorized for 3,000 KW".

Figure 1 shows the location of Colebrook Dam as it is represented in the HEC-ResSim model, and Figure
2 shows a photo from Colebrook Dam.
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Figure 1 HEC-ResSim Map Display Showing Location of Colebrook dam

olebrook_Cut

v Adamec, K. Farmington Model Documentation. University of Massachusetts, 2009.
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Figure 2: Photo of Colebrook dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3. The dam consists of
three types of outlets: (1) controlled outlet, and (2) uncontrolled outlet, and (3) power plant as shown in
Figure 4. All physical and operations data and are from Adamec 2009 and the US Army Corps New
England District, either from a previously created ResSim model or the Reservoir Regulation Team
website'®,

'8 http://rsgisias.crrel.usace.army.mil/nae/cwms_map.map_index
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-
K1 Reservoir Editor

__-.__ uw

Reservoir Edit Pool

Resenoir | colebrook ~ | Description

0] @) sorra®)0

Bhysical | Operations | Observed Data|

A: Colebrook Colebrook-Pool
2 iPool
2 4 %m Linear Interpolation () Conic Interpolation  Initial Conic Depth (f)
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l ? gg:;;:t;?!:? Outlet Elevation Storage Area
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565.00 0.00 -
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OK H Cancel Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool
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Reservoir Edit Dam

Resenvoir | colebrook ~ | Description

0 (@) sotre[w )

Bhysical | Operations | Observed Data|

L.

A\ Colebrook Colebrook-Dam
& Gontrolled Outet Elevation attop of dam (ﬂ)| 790_0|
<» Uncontrolled Qutlet Length at top of dam (ft) | 999.0|
Fower Plant
0 Tailwater Composite Release Capacity
Elevation Controlled Uncontrolled Total

(ft) (cfs) (cfs) (cfs) 750 =
637.5 9,999.0 0.0 9,999.0/~| 5 7203
644.0 10,837.5 0.0 10,837.5 T e ]
647.5 11,289.0 0.0 11,289.0 z 6607
657.5 11,820.0 0.0 11,820.0 rTrTT
667.5 12,228.0 0.0 12,228.0 0 80,000
677.5 12,570.0 0.0 12,570.0|% Flow
687.5 12,879.0 0.0 12,879.0 {cfs)
697.5 13,149.0 0.0 13,149.0
714.5 13,549.4 0.0 13,549.4
717.5 13,620.0 0.0 13,620.0(—
737.5 14,040.0 0.0 14,040.0
757.5 14,388.0 0.0 14,388.0
761.0 14,458.4 0.0 14,458.4
765.0 14,538.8 4,720.0 19,258.8
770.0 14,639.2 19,700.0 34,339.2
775.0 14,739.8 42,000.0 56,739.8
777.5 14,790.0 53,500.0 68,290.0| -

OK H Cancel Apply
==

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Colebrook’s
“Existing Ops” operational zones, which consist of zones of Top of dam (790 ft), Flood Control (761 ft),
Spring & Fall Fisheries Storage (708-714.5 ft), MDC Water Supply (701.2 ft), Operational Inactive (644 ft),
and Inactive zone (640 ft).

r:l_ Reservoir Editc_:f K_‘ - - w - \ ﬁ*

Reservoir Edit Operations Zone Rule IF_Block

Reservair :Colebrook .: Description )| (W[« &of74 ][]

Physical Operations | Observed Data

Operation Set iExisting Ops 'i Description |From UMass Farmington notes: "Rules for Colebrook Reservoir[L): |

Zone-Rules | Rel_AIIoc_l |

™ Top of Dam
[l Min Flow - Flood Control

o™ Flood Control Function of | Date
[ Max Release-3000cfs -

--[@l Min Flow - Flood Control
--[ll DROC Date Top Elevation (ft)
-l IROC 01Jan 708.0) - 500
[l Max Stage at Hartford 21Apr 708.0 7807
[l Downstream Control at Simsbury 29Apr 7145 7E0
[l Max Pool Elev ROC 30Jun 7145 740
[l Max Outflow = 21 day Max Inflow 01Jul 708.0 7204
P soring & rai Fisheries Storage 710
-l MaxRelease-3000cfs Gain
- [l Min Seasenal Variation -~
-l DROC oan
- IROC
[l Max Stage at Hartford G20 — T T T 1
--[@ Downstream Control at Simsbury Jan dar May Jul Sep MNov |
[l Max Pool Elev ROC

m NMDC Water Supply

[l Max Release-2000cfs
--[@ Min Seasonal Variation |
-l DROC
-l IROC |
[l Max Stage at Harfford
[l Downstream Control at Simsbury i
-[l Max Pool Elev ROC
#® Operational Inactive
-l Max Release = Inflow

[l Min Seasonal Variation _
o [nactive Zone Sort Elevation

Storage Zone |9 & Fall Fisheries Storage | Description [

Elevation (ft)

[ 0K ” Cancel Apply J

— - - - —

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops'®. As described in the Simulation/Verification section of the report, adjustments were made
to the operations to closer match gauge data.

:i Reservoir Editor - ‘

Reservoir Edit Operations Zone Rule IF_Blo

Resenoir | colebrook ~ | Dest

Physical | Qperations | Observed Data

Operation Set :Existing Qps

Zone-Rules | ReI.Nlnc.l |

w& Top of Dam

g Flood Contral
----- B Max Release-3000cfs

----- B Max Stage at Hartford

----- B Downstream Control at Simsbury
----- B Max Pool Elev ROC

----- B Max Outfiow = 21 day Max Inflow
L] soring & Fall Fisheries Storage|

----- B Max Release-3000cfs

----- @ Min Seasonal Variation

----- B Max Stage at Hartford

----- B Downstream Control at Simsbury
----- [ Max Pool Elev ROC

| MDC Water Supply

----- B Max Release-3000cfs

----- [ Min Seasonal Variation

----- B Max Stage at Hartford

----- [@ Downstream Control at Simsbury
----- [ Max Pool Elev ROC

| Cperational Inactive

[ Max Release = Inflow

------ @ Min Seasonal Variation

I.n Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing OpSet — Zones and Rules

' Addamec 2009
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Figure 7 shows a sequential release allocation approach specified for available outlets along Colebrook
Dam. The available outlets are given an order of priority for release. The power plant gets the release
first until it reaches release capacity. The controlled gate gets the remainder of the release.

| _
ST . weees

Reservoir Edit Operations

Resenvoir :Cmebmﬂk v: Description | E@i

Physical | Operations | Observed Data

Operation Set iExisting Ops vi Description |From UMass Farmington notes: "Rules for Colebroak

Zone-Rules | Rel Alloc. | | |

Release Allocation Strategy

% Colebrook - Balanced

(=R Colebrook-Dam (1.0) - Sequential ) _ :
< Colebrook-Power Plant Allocation Type:  sequential
L% Colebrook-Controlled Outlet

Felease Location: Colebrook-Dam

Colebrook-Power Plant
Colebrook-Contralled Qutlet

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation
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C. Rule Descriptions

1. Min Flow-Flood Control

Figure 8: shows the content of “Min Flow-Flood Control” rule. This rule presents the minimum
required release of 50 cfs from the dam during flood control operations.

Operation Set :Existing Ops

v: Description | From UMass Farmington notes; "Rules for Colebrook Reservoir .

Zone-Rules | Rel, Alloc. | |

™ Top of Dam

@
™ Flood Control
[l Max Release-3000cfs
~[ml Win Flaw - Flood Contral
-l DROC
-l IROC
[l Max Stage at Hartford
[l Downstream Control at Simsbury
[l WMax Pool Elev ROC
-l Max Outflow = 21 day Max Inflow
# Spring & Fall Fisheries Storage
[l Max Release-3000cfs
[l Min Seasonal Variation
-l DROC
-l IROC
[l Max Stage at Hartford
-[@ Downstream Control at Simsbury
[l Max Pool Elev ROC
o NMDOC Water Supply
[l Max Release-3000cfs
-l Min Seasonal Variation
-l DROC
-l IROC
[l Max Stage at Hartford
-[@ Downstream Control at Simsbury
[l Max Pool Elev ROC
g Operational Inactive
[l Max Release = Inflow

[l Min Seasonal Variation
N [nactive

Operates Release From: Colebrook-Dam
Rule Name: |Min Flow - Flood Control | Description: =

Function of. |pate

Limit Type: |Minim... - Interp: Lin.. = |

Date Release (cfs) 50.4

01Jan 50.0] » 5024

o
=
[ )

49.8

496

Release (cfs)

T T T T T
Jan May Sep

[ Period Average Limit

[ Hour of Day Multiplier

[7] Day of Week Multiplier
[7| Rising/Falling Condition

Seasonal Variation Edit...

-

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow-Flood Control
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2. Max Release-3000cfs
Figure 9 shows the content of “Max release-3000cfs” rule. This rule presents the maximum
release of 3000 cfs from dam.

Operation Set Existing Ops ~ | Description |From UMass Farmington notes: "Rules for Colebrook Resenvoir are t(_J;
Zone-Rules ‘ Rel. Alloc, | I
#% Top of Dam Operates Release From: Colebrook-Dam
-8 Win Flow - Flood Control ) .
& Flood Control Rule Name: | yax Release-3000cfs Deseription: From UMass Farmington notes: "G
= —QMax Release-3000cfs o -
-~ Min Flow - Flood Control unclion ot Date
DROC
- LimitType:  Maximum | Interp. Linear =
-/l IROC 2600
[l Max Stage at Hartford = — - o
[E Downstream Contral at Simsbury ate EEEREE) 3,020+
I8 MaxPool ElevROC 01Jan 3000.0 K]
-l Max Qutflow = 241 day Max Inflow s
@ Spring & Fall Fisheries Storage o 3,000
[l MaxRelease-3000cfs B peead
-l Min Seasonal Variation =~
I8 DROC 2,880
-/l IROC
2,870
-l Max Stage at Hartford ' o T
: Jan  May  Sep
-l Downstream Control at Simsbury
[l MaxPool ElevROC -
& WIDC Water Supply [”] Period Average Limit

-[l MaxRelease-3000cfs [T Hour of Day Multiplier
[l Min Seasonal Variation
& DROC [7] Day of Week Multiplier
-l IROC ["] Rising/Falling Condition

-l Max Stage at Hartford
[@ Downstream Control at Simsbury
[l MaxPool ElevROC
& Operational Inactive
[@ MaxRelease = Inflow
~[@ Min Seasonal Variation
& [nactive -

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max release-3000cfs

Seasonal Variation

3. DROC
Figure 10 shows the content of “DROC” rule. This rule shows the decreasing maximum allowable
release rate of change rule from Colebrook dam.

Operation Set Existing Ops ~ | Description |From UMass Farmington notes: "Rules for Colebrook Reservoir are t[.);
Zone-Rules | Rel. Alloc. I
™ Top of Dam Operates Release From: Colebrook-Dam

[ Min Flow - Flood Control

& Flood Control Release Rate of Change Limit proc

(B Max Release-3000cfs Description: o
-8 Min Flow - Flood Cantrol
| Function Of Constant -

8 ROC : .
- [l Max Stage at Hartford Type Decreasing -

- [l Downstream Control at Simsbury Max Rate of Change (cfsihr)
-8 Max Pool Elev ROC
@ Max Outflow = 21 day Max Inflow
@ Spring & Fall Fisheries Storage
-8 Max Release-3000cfs
[l Min Seasonal Variation
@ DROC
@ ROC
@ Max Stage at Hartford
- [l Downstream Control at Simsbury
- {8 Max Pool Elev ROC
% MDC Water Supply
(B Max Release-3000cfs
- [l Min Seasonal Variation
-8 DROC
[ ROC
- [l Max Stage at Hartford
- [l Downstream Control at Simsbury
{8 Max Pool Elev ROC
@M Operational Inactive
[ MaxRelease = Inflow
*~[@ Min Seasonal Variation
[ [nactive

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Decreasing-ROC
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4. Increasing-ROC
Figure 11 shows the content of “Increasing-ROC” rule. This rule shows the maximum allowable
increasing release rate of change as a function of release from Colebrook dam.

Operation Set iExisting Ops "j Description |From UMass Farmington notes: "Rules for Colebrook Reservair are t[L;

Zone-Rules | Rel. Alloc. | |

wh Top of Dam Operates Release From: Colebrook-Dam

------ [E Min Flow - Flood Control

B Flood Contral Release Rate of Change Limit |Roc

----- [E Max Release-3000cfs Description: o
----- [@ Min Flow - Flood Control . :
----- [@ DROC Function Of: Constant -
----- ] : .
----- [@ Max Stage at Hartford Type Increasing v

----- [@ Downstream Control at Simsbury Max Rate of Change (cfs/hr)
----- @ Max Pool Elev ROC

----- [ Max Outflow = 21 day Max Inflow
™ Spring & Fall Fisheries Storage

----- @ Max Release-3000cfs

""" @ Min Seasonal Variation

----- [E Max Stage at Hartford

----- [E Downstream Control at Simsbury
----- [@ Max Pool Elev ROC

o MDC Water Supply

----- @ Max Release-3000cfs

""" @ Min Seasonal Variation

----- @ Max Stage at Hartford

----- [E Downstream Control at Simsbury
----- [@ Max Pool Elev ROC

#™ Operational Inactive

[l Max Release = Inflow

------ [@ Min Seasonal Variation

o [nactive

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Increasing-ROC
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5. Max Stage at Hartford
Figure 12 shows the content of “Max Stage at Hartford” rule. This rule represents the maximum
allowable release from dam as a function of previous day stage at Hartford. The previous day
stage was used to account for the delay that occurs between the stage exceeding the specified
target and the change in operations at the flood control dams that occurs in reality.

Operation Set iExisting Ops "j Description |From UMass Farminaten notes: "Rules for Colebrook Reservoir are t[.;

Zone-Rules | Rel,Nloc_l |

wh Top of Dam Operates Release From: Colebrook-Dam
[ Win Flow - Flood Control _ S
A Flood Confrol Rule Name: | 11ax Stage at Hartford Description: [

[l Max Release-3000cfs o
I8 Min Flow - Flood Control Function of |Connecticut at Hartford Stage, Previous Value

g f;%?f Limit Type: |Maximum | Interp. | Linear « | L eon
- '
-[l Downstream Control at Simsbury Stage () Release (cfs) 3,000
-l Max Pool Elev ROGC 0.0 3000.0] =
-l Max Qutflow = 21 day Max Inflow 18.0 3000.0
@ Spring & Fall Fisheries Storage 19.0 2400.0
-l Wax Release-3000cfs 200 1800.0 1,000+
[l Min Seasonal Variation 210 1200.0 500
[l DROC 22.0 600.0 ' A -
-l IROC 23.0 50.0 0 10 20 30 40 50
[l Max Stage at Hartford 50.0 50.0 o .
--[@ Downstream Contral at Simsbury ane ()
-[l Max Pool Elev ROC
o DC Water Supply
[l Max Release-3000cfs [C] Hour of Day Multiplier
[l Min Seasonal Variation o
[l DROC [] Day of Week Multiplier
-l IROC [~ Rising/Falling Condition
[l Max Stage at Hartford
[ Downstream Control at Simsbury
-[l Max Pool Elev ROC
@™ Operational Inactive
[l Max Release = Inflow
‘[l Min Seasonal Variation
o (nactive -

2,500
2,000+
1,500

Release (cfs)

[7] Period Average Limit

[7] Seasonal Variation

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max stage at Hartford
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6. Downstream Control at Simsbury
Figure 13 shows the content of “Downstream Control at Simsbury” rule. This rule shows the
maximum allowable flow at the Farmington at Simsbury point downstream.

Operation Set iExisting Ops 'i Description |Fram UMass Farmington notes: "Rules for Colebrook Reservair are t.;

Zone-Rules | Rel.NIGc.l |

wh Top of Dam Operates Release From: Colebrook

------ [ Min Flow - Flood Contral _ o
# Flood Control Rule Name: traam Control at Simsbury | Description: o

----- B Max Release-3000cfs

----- [ Min Flow - Flood Contral Function of. | Date

Limit Type: |Maximum  «| Interp [Step |

----- @ Max Stage at Harfford Downstream Location: | Farmington at Simsbury
----- B | . S —
----- @ MaxPool ElevROC Parameter. Flow - -

----- [E Max Outflow = 21 day Max Inflow
# Spring & Fall Fisheries Storage Date Flow (cfs)
----- [B Max Release-3000cfs 01Jan 92500| ~
----- [ Min Seasonal Variation 01May 5600.0
----- @ DROC 01Mov 9250.0 £,000
..... W ROC T T T 1
----- [ Max Stage at Hartford Jan  May  Sep
----- @ Downstream Control at Simsbury
""" @ Max Pool ElevROC Period Average Limit Edit..

MDC Water Suppl
‘E Max Releaspe?;[m[]cfs [ Hour of Day Multiplier

----- W Min Seasonal Variation [7] Day of Week Multiplier

..... B rROC Seasonal Variation Edit...

----- B Max Stage at Harfford [F] Flow Contin :
gency Edit...

----- B Downstream Control at Simsbury -

----- [ Max Pool Elev ROC

#™ Operational Inactive
[l Max Release = Inflow

8,000+

7,000+

Flow (cfs)

------ [l Min Seasonal Variation
o [nactive - Advanced Options ]

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — Downstream Control at simsbury
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7. Max Pool Elev ROC
Figure 14 shows the content of “Max pool Elev ROC” rule. This rule shows the maximum
allowable decreasing rate of pool elevation change.

Operation Set iExisting Ops 'i Description |Fram UMass Farmington notes: "Rules for Colebrook Reservair are t.;

Zone-Rules | Rel.NIGc.l |

wh Top of Dam Operates Release From: Colebrook
[l Min Flow - Flood Contral
o Flood Control

----- [@ Max Release-3000cfs Description [
----- @ Min Flow - Flood Control

..... @ DROC Function OF | constant =)

Elevation Rate of Change Limit | ax Pool Elev ROC

----- @ Max Stage at Harfford Type Decreasing -
----- @ Downstream Control at Simsbury ; ’
----- 7] ) Instantaneous
----- [E Max Outflow = 21 day Max Inflow (=

# Spring & Fall Fisheries Storage IR
----- [l Max Release-3000cfs Max Change of (ft) 10.0| Over 24 | hours
----- [l Min Seasonal Variation

----- B Max Stage at Harfford

----- @ Downstream Control at Simsbury
----- [ Max Pool Elev ROC

o MDC Water Supply

----- B Max Release-3000cfs

""" [ Min Seasonal Variation

----- B Max Stage at Harfford

----- @ Downstream Control at Simsbury
----- [ Max Pool Elev ROC

#™ Operational Inactive

[l Max Release = Inflow

------ @ Min Seasaonal Variation

o [nactive

Figure 14: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Pool Elev ROC
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8. Max Outflow equals 21 day Max Inflow
Figure 15 shows the content of “Max Outflow equals 21 day Max Inflow” rule. This rule
represents the maximum release from dam as a function of the previous 3 weeks of inflow.

Operation Set :Existing Ops v: Description |From UMass Farmington notes: "Rules for Colebrook Reservoir are t[:];

Zone-Rules | Re|_N|0c_| |

‘:' Top of Dam Operates Release From: Colebrook
B Min Flow - Flood Contral . .
A Flood Control Rule Name: \yutflow = 21 day Max Inflow | Description: =
----- [E Max Release-3000cfs )
..... [ Min Flow - Flaod Control Function of: |ylebrook-Pool Inflow, Period Maximum, 0.0 hr lag, 504.0 hr period
::E E{%%C Limit Type: |WMaximum - | Interp: |Linear
----- B Max Stage at Hartford — - o ;‘;gggg_
----- @ Downstream Control at Simsbury o EE elease (cfs) '
----- [@ MaxPool Elev ROC 0.0 0.0] « @ 100,000
----- [~ Y Max Outflow = 21 day Max Inflow 123456.0 123456.0 = 80,000
#™ Spring & Fall Fisheries Storage @ 60,0004
----- [ MaxRelease-3000cfs % 40,000
----- @ Min Seasonal Variation & 20,000
..... @ DROC 0 T T T T 1
..... W IROC 1] G0,000 120000
----- [l Max Stage at Hartford
Flaw {cfs
""" [B Downstream Contral at Simsbury (efs)
----- [E Max Pool Elev ROC

o MDC Water Supply [7] Period Average Limit

----- [ Max Release-3000cfs [] Hour of Day Multiplier
----- [B Min Seasonal Variation o

..... @ DROC [7] Day of Week Multiplier
""" @ ROC [] Rising/Falling Condition

----- [ Max Stage at Harfford

----- [E Downstream Control at Simsbury
----- [@ Max Pool Elev ROC

#™ Operational Inactive

[l Max Release = Inflow

[7] seasonal Variation

------ [E Min Seasonal Variation

o [nactive A4

Figure 15: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Outflow equals 21 day Max
Inflow
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9. Min Seasonal Variation
Figure 16 shows the content of “Min Seasonal Variation” rule. This rule shows the minimum
release from dam as a function of inflow for different months.

Operation Set :Existing Ops | Description From UMass Farmington notes: "Rules for Colebrook Resenvoir are to pass all flows from upstream Otis RC]E

Zone-Rules | Rel. Alloc | [

& Top of Dam Operates Release From: Colebrook-Dam

# Flood Control Rule Name: | Win Seasonal Variation Description:

[l Max Release-3000cfs

.18 Min Flow - Flood Contral Function of | otis-Dam Tailwater Flow, Current Value
g ::'32%?:0 Limit Type: | Minimum + | Interp | Linear -
i i 12,000

[l Max Stage at Hartford ]
[l Downstream Control at Simsbury 200 Release (cfs) 10,000
-[@ Max Pool Elev ROC (cfs) 01Jan 16Mar 15hay 01Nov Z g000
[l Max Outflow = 21 day Max Inflow 0.0 99.2820971 50.0(  208.3534009 99.2820971) ~| = 6,000

#% Spring & Fall Fisheries Storage 100.0]  199.2820971 1500/ 3083634009  199.2820971 2 4 oood
[l Max Release-3000cfs 5000/ 599.2820971 550.0/ 708.3634009|  599.2820971 & b
) 10000 1099282097 10500, 1208.353401) 1099282097 T 2,0007
-l DROC 2000.0 2099.262097 2050.0) 2208.363401|  2099.282097 e e I o B
@ IROC 5000.0] 5099282087 5050.0) 5208363401  5099.282097 0 3000 6,000 8,000
8 Max Stage at Hartford 10000.0 10099.2821 10050.0 10208.3634|  10099.2821 Flow (cfs)
--[ll Downstream Control at Simsbury

- EDEI?‘:,;Z:JISEU‘;;SDC [] Period Average Limit
[ Max Release-3000cfs [7] Hour of Day Muttiplier
-l Min Seasonal Variation o
_[H DROC [ Day of Week Multiplier
@ IROC [T Rising/Falling Condition
[l Max Stage at Hartford
[l Downstream Control at Simsbury Seasonal Variation

[l MaxPool Elev ROC
Operational Inactive

[@ MaxRelease = Inflow
@ Min Seasonal Variation
i [nactive hd

Figure 16: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Seasonal Variation
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10. Max release=Inflow
Figure 17 shows the content of “Min Flow-Flood Control” rule. This rule releases total inflow
from dam when the pool is in Operational Inactive zone.

Operation Set :Existing Ops v: Description |From UMass Farmington notes: "Rules for Colebrook Reservoir are to [:];

Zone-Rules | Rel Alloc. | |

# Top of Dam Operates Release From: Colebrook

# Flood Control Rule Name: |jax Release = Inflow Description:

----- @ Max Release-3000cfs ,
..... [ Min Flow - Flood Control Function of: | Calebrook_In Flow, Current Value

_____ Limit Type: |Maximum = | Interp: Linear = |
S 0C ' ' ' © 1,200,000

----- B Max Stage at Harfford

----- B Downstream Control at Simsbury Flow (cfs) Release (cfs) 1,000,000+

----- @ Max Pool Elev ROC 0.0 0.0« 800,000

----- [ Max Outflow = 21 day Max Inflow 999993.0 999999.0 I —

o™ Spring & Fall Fisheries Storage '

----- [ Max Release-3000cfs 400,000
----- [ Min Seasonal Variation 200,000+

----- @ DROC 1 o o e e

""" @ IrOC 0 600,000

----- [ Max Stage at Hartford

Fl :
----- [ Downstream Control at Simsbury ow (cfs)
----- [ Wax Pool Elev ROC _ o
o MDC Water Supply [7] Period Average Limit
----- [l Max Release-3000cfs [7] Hour of Day Multiplier

""" W Min Seasonal Variation
: [ Day of Week Multiplier

Felease (cfs)

----- [ Max Stage at Hartford

----- [l Downstream Control at Simsbury
----- @ Max Pool Elev ROC

™ Operational Inactive

W 1ax Release = Inflow

------ @ Min Seasonal Variation

o [hactive -

Figure 17: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow-Flood Control
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Comerford

l. Overview

Comerford dam is located on the Connecticut River mainstem in the towns of Monroe, New Hampshire,
and Barnet, Vermont. It is owned and operated by TransCanada Hydro Northeast Inc. as part of the 15
Mile Falls project for hydropower generation on a peaking, seasonal storage basis.

Figure 1 shows the location of Comerford dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Comerford dam.

[l

Wl
-L(;).' Second Connecticut Lake_In
=

Fassumpsict+Joes Brook

Comerfard

T MAIN_Floodplain?-Mussels8

¥ Is

.._C’ é P_Caldhrook Diversion

i 2
| =
Wicst Ware o b

onmecticut at touth £

Figure 1: HEC-ResSim Map Display Showing Location of Comerford dam
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Figure : Photo of Comerfor dam.

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°°. The dam consists of

three types of outlets: (1) uncontrolled stanchion Bays, and (2) uncontrolled Flashboard Bays, and (3)
power plant as shown in Figure 4.

? Data provided by TransCanada
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Comerford

-
n Reservoir Editor

——.—-—_—.

Reservoir Edit Pool

==

Resernvair lComerford

v] Description

) [W][w] 20 o 74 ] [n]

Physical |gperations Observed Data|

,ﬂ Comerford

=57 Dam
=4 Power Plant
| P Tailwater
-~y Stanchion Bays
.$% Flashboard Bays

Comerford-Pool
Elevation Storage Area
(fth (ac-ft) (acre)
610.00 0.00
61010 56.20
61020 112.40
610.30 168.60
610.40 224 80
610.50 280.20
610.60 336.40
610.70 392 60
G610.280 44820
610.90 505.00
£11.00 561.20
611.10 G18.20
G611.20 675.20
611.20 T32.20
611.40 789.30
611.50 a846.30
G11.60 903,30
G611.70 960,30
611.80 1017 .40
611.90 1074.40
G612.00 1132.20
61210 119010
61220 1247 90
612.30 1306.60
612.40 1364.50
612.50 142310

@ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (fi) I:I

Elev ()

Elev ()

B0
G40
620

GO0TTT T T T T 71T I
0 20,000 40,000

Stor (ac-fi)

B0
G40

G20

GO0TTT T T T T 71T
0 GO0 1,200

Area (acre)

Figure 3: Reservoir Editor: Physical Tab -- Pool

110

0K

I ’ Cancel Apply




Comerford

-
n Reservoir Editor

——.—-—_—.

Reservoir Edit Dam

==

Resernvair lComerford

v] Description

Physical | Operations | Observed Data|

) [W][w] 20 o 74 ] [n]

AQ Comerford Comerford-Dam
&) Pool
BUEM Elevation at top of dam (ft) ‘ EEU_5|

=4 Power Plant

| P Tailwater Length at top of dam (ft) ‘ 2253_U|

-~y Stanchion Bays

<:> Flashboard Bays Composite Release Capacity

Elevation | Controll... | Uncontr... Total
(ft) (cfs) (cfs) (cfs) e
630.0| 11,750.0 0.0[11,750.0|«| 5 550:
§40.0[11,750.0 0.0]11,750.0) || B & &40
640.1|11,750.0 42.0[11,792.0|=| &  g3p
£40.2|11,750.0 119.0( 11,869.0] | TTTT 111 I
640.3|11,750.0| 231.0] 11,981.0 0 120,000
6d40.4|11,750.0 357.0|12,107.0 Flow
£40.5| 11,750.0 511.0|12,261.0 {cfs) I
640.6| 11,750.0 879.0| 12,429.0
640.7| 11,750.0 875.0| 12,625.0
640.8|11,750.0| 1,0B85.0(12,835.0
| £40.9|11,750.0| 1,309.0|13,059.0
l 641.0| 11,750.0( 1,547.0|13,297.0
641.1|11,750.0( 1,7%2.0|13,542.0
641.2|11,750.0| 2,051.0|13,801.0
641.3|11,750.0| 2,324.0|14,074.0
641.4|11,750.0( 2,604.0|14,354.0
641.5|11,750.0( 2,85%B8.0|14,648.0
641.6|11,750.0| 3,206.0|14,956.0
641.7|11,750.0( 3,521.0]15,271.0
641.8| 11,750.0( 3,850.0|15,600.0
641.9|11,750.0| 4,183.0(15,943.0
642.0(11,750.0| 4,543.0|16,293.0| -
QK ” Cancel Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Comerford’s
“Existing Ops” operational zones, which consist of zones of Top of dam (660.5 ft), Below Top of dam
(650 ft), Conservation (635-648 ft), and Inactive zone (624 ft)*.

r:i Reservoir Editor . - M ﬁ1

Reservoir Edit Operations Zone Rule IF_Block

Reservoir jCUmerfUrd 'i Description O [1][a] 20 o 74 ][]

Physical| Qperations | Observed Data

Operation Set | Existing Ops ~ | Description O
Zone-Rules | Rel. Alloc. | |
o Top of Dam ' .
C t
™ Below Top of Dam Storage Zone |L-0nsefvation Description )|
[l Min Flow Function of
i-{ } peaking power_2 I
#-{ } Bass spawning -
- Date Top Elevation (ft) .
[l Min Flow 01Jan B350 » sl
{ } peaking power 01Apr 645.0( i
{1} Bass spawning 01Jul 643.0 .
M [nactive 013ep 648.0 = e
= T e
S 640
& Gas-
w
A 630
E25 7
E20 T T T T T
- Jan Mar May Jul Sep Nov
Zone Sort Elevation |

[ OK ][ Cancel Apply J

Figure 5: Reservoir Editor: Oper_ations Tab —Exist?ng Ops OpSet — Guide Curve

112



Comerford

B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Op521.

n Reservoir Editor

|
Reservoir Edit Operations Zone Rule IF_Blc

Resenoir | comerford ~ | Des

Physical | Operations | Observed Data

Cperation Set :Existing Ops

Zone-Rules | Rel.mluc.l |

|.|- Top of Dam
##™ Below Top of Dam
[l Min Flow
=-{ } peaking power_2
== |F (Code = 0)
- [l Release=Inflow
== ELSE IF (Code = 1)
. Il 2hrsGen_2
== ELSE IF (Code = 2)
[l 4hrsGen_2
=i-{ } Bass spawning
Ei* IF (5421-6/20)
=-{ } Current Elevation
= |F (elev==645)
- [l 2ft decreasing rate
== ELSE (elev=645)
‘[l zero decreasing rate
L JConservation
[l Min Flow
#-{ } peaking power
- } Bass spawning
|.|- Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

*! TransCanada. Connecticut River Operational Constraints. 2012.
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C. Rule Descriptions

1. Min Flow

Figure 7 shows the content of “Min Flow” rule. This rule shows the minimum release from dam.

Operation Set jExisting Ops vi Description [:]
Zone-Rules | Re|_N|gc,| |
# Top of Dam Operates Release From: Comerford-Dam
™ Below Top of Dam = N
- Rule Mame: |pin Flow Description: )

=-{} peaking power_2
. E-w IF (Code = 0)
[l Release=Inflow
= ELSE IF (Code = 1)
- [l 2hrsGen_2
E}* ELSE IF (Code = 2)
[l 4hrsGen_2
=-{} Bass spawning
E}* IF (5421-6/30)
=-{} Current Elevation
- w IF (glev==645)
. [l 2ftdecreasing rate
E}* ELSE (elev=645)
[l zero decreasing rate
#™ Conservation
[0 Min Flow
#-{} peaking power
#-{ } Bass spawning
™ [nactive

Function of: | pate

Limit Type: | Minimum

vj Interp.: jstep vi

1600
Date Release (cfs) % 1,400
01Jan 11350+ | 34 300
o B i
- sy
010ct 11450 L

m

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow
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[7] Period Average Limit
["] Hour of Day Multiplier
[7] Day of Week Multiplier

[ Rising/Falling Condition

. Seasonal Variation
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2. Peaking power_2
Figure 8 shows the content of “peaking power_2" rule. This rule represents the peaking power
strategy applied for Comerford dam.

| |#™ Conservation

Operation Set jExisting Ops vi Description [:
Zone-Rules | Rel.AlIoc.l |
wh Top of Dam Operates Release From: Comerford-Dam
™ Below Top of Dam
[H Min Flow Name: |peaking power_2 Description: L
el §)oeaking power 2|
i == IF (Code =0) Type Name Description
. [ Release=Inflow IF Code =0
== ELSEIF (Code =1) ELSEIF  [Code=1
. [H 2hrsGen_2 ELSEIF |Code=2
Er* ELSEIF (Code =2)
{ [l 4hrsGen_2
#™ Top of Dam Operates Release From: Comerford-Dam
g Below Top of Dam
@ Min Flow IF Conditional | cqde =0 Description: =
=-{ } peaking power_1
=R dIF (Code = 0) Value1 Value2
@ Release=Inflow | Comerford_Hydropower | = | 0 el Cond
= ELSE IF (Code = 1)
. [ 2hrsGen_2
= m ELSE IF (Code = 2)
i..[l 4hrsGen_2 Move Up
#-{ } Bass spawning

Operation Set Existing Ops ~ | Description @
Zone-Rules | Re|_A||Qc_|

# Top of Dam Operates Release From: Comerford-Power Plant

?"I?Iieltrjﬂui\rnTFolgvstam Rule Mame: Release=Inflow Description: )

=-{} peaking power_2

- = IF (Code = 0)

T m

== ELSE IF (Code = 1)

.~ 2nrsGen_2

E}* ELSE IF (Code = 2)
“-[ll 4hrsGen_2

#-{ } Bass spawning

s Conservation

--[@ Min Flow

#-f } peaking power

#-{ } Bass spawning

o [nactive

Function of |Comerford-Pool Net Inflow, Current Value

Limit Type: | Minimum

| Interp: Linear «

. 1,200,000
Flow (cfs) Release (cfs) T 800,000
0.0 0.0/ ~| % 4000007

1000000.0 10000000/ | § 0
0

[~] Period Average Limit
[~] Hour of Day Multiplier
[7] Day of Week Multiplier

[T Rising/Falling Condition
"] Seasonal Variation

71T T T T T 1T
500,000 1,000,000

Florwy (cfs)
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Operation Set :Exisﬂng Ops

v: Description

Zone-Rules | Rel. Alloc. |

#™ Top of Dam

o™ Below Top of Dam

[ Min Flow

E-{} peaking power_2

. = F (Code =0)
.~ Release=Inflow
DN = E 1 (Codo= 1)
- [l 2hrsGen_2
EI* ELSEIF (Code =2)

; [l 4hrsGen_2

=-{ } Bass spawning

| e Conservation

Operates Release From: Comerford-Power Plant

ELSE IF Conditional | code = 1 Description:
Value1 Value2 Add Cond.
|  Comerford_Hydropower | = | 1

Del. Cond.

Move Up

Operation Set iExisTjng Ops

vi Description

Zone-Rules | Rel. Alloc. |

0 IIE] £

o Top of Dam
#™ Below Top of Dam

[l Win Flow
=-{} peaking power_2
&= IF (Code = 0)

. [l Release=Inflow
== ELSE IF (Code = 1)
== ELSEIF (Code =2)

=-f } Bass spawning
o Conservation

----- [ Min Flow

--{ } peaking power
=-f } Bass spawning
oA [nactive

Operates Release From: Comerford-Power Plant
Hydropower - Power Guide Curve Rule | aprsGen_2
Description:

Zone at Top of Power Pool .EeluwTop of ... -

Zone at Bottom of Power Pool | Conservation =

Plant Factor (%)

0.0 0.0
100.0 8.33

% Power Storage

% Power Storage

120
1004
804
B0
404
204
0 T T T T 1

o1 2 3 4 B 7 8 9

Plant Factor (%)

o —

Power Generation Pattern...

Operation Set :Existing Ops

v: Description

Zone-Rules | ReI.AJloc.l

# Top of Dam

™ Below Top of Dam
[l Min Flow

£} peaking power_2

E}* IF (Code =0}

[l Release=Inflow

== ELSE IF (Code = 1)

[ 2hrsGen_2

= * ELSE IF (Code = 2)
[l 4hrsGen_2
&-f } Bass spawning

o™ Conservation

Operates Release From: Comerford-Power Plant

ELSE IF Conditional | cgde =2

Description:

Walue1
| Comerford_Hydropower

Walue2

Add Cond.

Del. Cond.

Move Up

II[D 0
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Operation Set | Existing Ops ~ | Description @

Zone-Rules | Rel. Alloc.

# Top of Dam Operates Release From: Comerford-Power Plant
#h Below Top of Dam

-[@ Min Flow
=-{ } peaking power_2 Description: [J
EI* IF {Code =0) . -
. [l Release=Inflow Zone at Top of Power Pool Below Top of D... -
= ELSE IF (Code = 1) ' ]
i [l 2hrsGen_2
== ELSE IF (Code = 2} % Power Storage Plant Factor (%) 120

| 0.0 833 1807
#-{ } Bass spawning 100.0 1667 B0
™ Conservation ) '

[ Min Flow ]
#-{ } peaking power 40+
#-{ } Bass spawning

204
0

Hydropower - Power Guide Curve Rule | ghrsGen_2

Zone at Bottom of Power Pool | Canservation -

% Power Storage

o inactive

T T T T T T T T
8 9 10111213141516 17
Plant Factar (%)

[ Power Generation Pattern...

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — peaking power_2

Figure 9 describes the definition of codes used in the Comerford_Volume state variable. The code is
summing up the current Inflow and previous storage in each time step, compare it to the volume
needed for generating 2 and 4 hours power and to the spillway storage minus inactive storage and then
decide how much to release.
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StateVariable Edit

State Variable Edito (i

Initialization | Main | CleanUp

Name | Comerford_Hydropower ~ | Description: @) E@ 1 0f 7 @
Parameter Name:  code Parameter Type: | code [E] Always Comput

', Model Variabl 1z

23 #V(Z2hrs.Gen)=(2*%outlet capacity)*0.082=18927(acf)

24 #Vidhrs.Gen)=(4*%outlet capacity)*0.052=5554(acf)

25

26 from hec.model import RunTimeStep

27

28 Inflow TH=network.getTimeZeries("Reservolr”, "Comerford™”,
2% Inflow= Inflow T3.getCurrentValue [currentRuntimestep)

30 Inflow_acf=Inflow+l.38

31

33 Ftorage=Ftorage TH.getPreviousValue (currentRuntimestep)

34

35 Wolume=Inflow acf+(Stcorage-109670)
36

37 |1f Wolwwe > 28Z6E0:

38 Code=0

3% |elif O<Volume <=1227 :
40 Code=1

4l |elif 159z7<Volume <=355%:
42 Code=2

43 |elif 3554<Volume<Z3ZaS0:
44 Code=3

45 |else:

46 Code=4

47

48 currentVarisble.setValue [currentRuntimestep, Code)

. TimeSeries 11 # creatl a code to track the available water for generating power

|, State Variable| || 13 #The code is summing up the current Inflow and prevoius storage in each timestep,compare it to the volume needed
APls 14 #generazting 2 and 4 hours power and to the spillway storage minws inactive storage and then decide how much to e

b Math. 15
| 7l E:;HOT: 16 # Code =0: T+5 »5(spillway storage)-5(inactive storage)
| | RunTimeStep || 7 # code =1:0< I+5<V(z2hrs.Gen)
. RunTimeWwing 18 # code D ViEhrs.Gen)<I+5<Vidhrs.Gen)
| | Statevariable| || 15 # code =3: V(dhrs.Gen)<I+S
. TimeSeries 20
| 4 D8 21 # S{spillway storage)-5(inactive storage)=390470-10T790=232650 (act)
b DSSFile 2z ffoutlet capacity=11750(cfs)

"Fool™, "Flow-IMN NET")

32 Storage_ TS5 = network.getTimeSeries("Reservoir™, "Cowmerford”, "Fool”, "Stor")

4 n 3 af 1

Figure 9: State Variable Editor: Comerford_Volume
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3. Bass spawning
Figure 10 shows the content of “Bass spawning” rule. This rule shows the different maximum
elevation rate of change for elevations greater and less than 645 feet during 21May-30June.

Operation Set iExisting Ops vj Description
Zone-Rules | Re|_,|\||gc,| |
#A Top of Dam Operates Release From: Comerford-Power Plant
™ Below Top of Dam
[l Min Flow IF Conditional | 5;31-5/20 Description:
- } peaking power_2
EI{} Bass spawning Value1 Value2 Add Cond.
E"’ IF (5/21-6/30) ) Current Time Step == 21May
=-{ } Current Elevation AND Current Time Step == 30Jun Del. Cond.

E\‘* IF (elev==645)

P b [ 2 ft decreasing rate
== ELSE (elev=645)

I IID -

“-[@ zero decreasing rate Move Up
™ Conservation
[l Min Flow Move Down
E-{} peaking power
&-{ } Bass spawning Evaluate
o [nactive
Logical Operator:
Value 1| Constant
Operator =
Value 2 | constant
Operation Set iExisting Ops vj Description E]
Zone-Rules | ReI.Nlac.l |
™ Top of Dam Operates Release From: Comerford-Power Plant
@™ Below Top of Dam
[0 Min Flow MName: |current Elevation Description: )
&-{} peaking power_2
=-{} Bass spawning Type Mame Description
- |F (5/21-6/30) F olev==645
SR WA Current Elevation ELSE eley=645

- = IF (alev>=645)
[ 21 decreasing rate
E}* ELSE (elev=645)

------ [B zero decreasing rate
#™ Conservation

=-{ } peaking power
#-{ } Bass spawning
o [nactive
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Operation Set :Existing Ops

v: Description

Zone-Rules | ReI.AJluc.l |

o Top of Dam
™ Below Top of Dam
-~H Min Flow
&-{ } peaking power_2
=-{ } Bass spawning
El* IF (5/21-6/30)
=-{ } Current Elevation
g
. [l 2ftdecreasing rate
EI* ELSE (elev=645)
-l zero decreasing rate
v Conservation
[ Min Flow
-{} peaking power
#-{ } Bass spawning
o, [nactive

Operates Release From: Comerford-Power Plant

IF Conditional | gley==F45

Description:

Yaluel
| Comerford-PoalElevation

Yalue2

| >= |

645

Add Cond.

Del. Cond.

Move Up

Move Down

Evaluate

I IID -

Logical Operator:
Value 1 | constant
Operator =

Value 2 | constant

EI# IF (5/21-6/30)
=-{ } Current Elevation

== |F (elev==645)
=
== ELSE (elev=645)

[l zero decreasing rate

# Conservation

-l Min Flow

o-{ } peaking power

E-{ } Bass spawning

o [nactive

Function Of | constant
Type iDecreasing
@ Instantaneous
() Period Average

Max Rate of Change (ft/hr)

Operation Set iExisU'ng QOps vj Description E]
Zone-Rules | Re|_m|gc,| |
L -EFLO? Uf?”” 0o Operates Release From: Comerford
o™ Below Top of Dam ) -

E Win Flow Elevation Rate of Change Limit | ft decreasing rate

: -{} peaking power_2 Description O
=-{ } Bass spawning
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Operation Set jExisting Ops

vi Description

Zone-Rules | Rel,NIoc_l |

™ Top of Dam
™ Below Top of Dam

=-{ } peaking power_2
=-{} Bass spawning
E}* IF (5/21-6/30)
=-{ } Current Elevation
== |F (elev==545)

------ [@ 2 ft decreasing rate

SR gELSE (elev=645)]
[l zero decreasing rate

#™ Conservation

[ Min Flow

o-{ } peaking power

#-{ } Bass spawning

o [nactive

Operates Release From: Comerford

ELSE Conditional | gley=F45

Description:

Operation Set :Existing Ops

v: Description

Zone-Rules | Rel.AlIoc.l |

o Top of Dam
™ Below Top of Dam
o[l Min Flow
#-{ } peaking power_2
=-{ } Bass spawning
E}* IF (5/21-6i30)
=-{ } Current Elevation
S IF (elev==F45)
@ 2ftdecreasing rate
E}* ELSE (elev=645)
=
#™ Conservation
[l Min Flow
t-{ } peaking power
#-{ } Bass spawning
o [nactive

Operates Release From: Comerford

Elevation Rate of Change Limit zero decreasing rate

Description

Function OF | constant
Type jDecreasing
@ Instantaneous
() Period Average

Max Rate of Change (ft'hr) 0.0

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Bass spawning
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Conant Brook

Conant Brook

l. Overview

Designed and constructed by the United States Army Corps of Engineers, this dam reduces flooding
along the Quaboag, Chicopee, and Connecticut rivers. Construction of the project began in 1964 with
completion in 1966. The Conant Brook Dam is located within the Chicopee River watershed. Unlike the
other Corps operated flood control dams, Conant Brook is a completely uncontrolled structure..

Figure 1 shows the location of Conant Brook Dam as it is represented in the HEC-ResSim model. Figure 2
shows an aerial photo of the dam.

Chicopee Brookt+Conant Brook

Conant Brook

onmecticut at kouth

Figure 1: HEC-ResSim Map Display Showing Location of Conant Brook
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http://en.wikipedia.org/wiki/United_States_Army_Corps_of_Engineers
http://en.wikipedia.org/wiki/Chicopee_River
http://en.wikipedia.org/wiki/Connecticut_River

Conant Brook

™

Figure 2: Aerial photo of Cnant Brook Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3. The dam consists of an
uncontrolled spillway and uncontrolled 36-inch un-gated conduit as shown in Figure 4. All physical and
operations data were provided by US Army Corps New England District, through both a previously
created ResSim model and the Reservoir Regulation Team website®.

2 http://rsgisias.crrel.usace.army.mil/nae/cwms_map.map_index
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Conant Brook

Reservoir Edit Pool

I - —
K1 Reservoir Editor - v

)

Resenvoir | conant Brook - Descripti0n|

Physical | Operations | Observed Data|

0] WE) s2are @0

A Conant Brook

’ Pool

57 Dam

< 36-Inch Ungated Conduit
<> Spillway

Conant Brook-Pool

@ Linear Interpolation () Conic Interpolation  Initial Conic Depth () l:l

Elevation Storage Area
(ft) (ac-t) (acre)
£93.00 0.00 0.00] »
594.00 1.00 1.00( |
£95.00 4.00 2.00
696.00 8.00 3.000 _
697.00 12.00 4.00|"
£98.00 16.00 5.00
§99.00 20.00 6.00) |
700.00 24.00 8.00
701.00 28.00 11.00
702.00 40.00 15.00
703.00 60.00 17.00
704.00 80.00 19.00
705.00 100.00 21.00
706.00 125.00 23.00
707.00 150.00 25.00
708.00 180.00 27.00
709.00 210.00 29.00
710.00 240.00 31.00
711.00 270.00 32.00
712.00 310.00 34.00
713.00 345.00 35.00
714.00 380.00 36.00| .

760

40

Elev (ft)

T20

o0

T T T 1T TT
0 1500 3,000

Stor (ac-ft)

760
740

20

Elev (ft)

700

T T T T TT
0O 40 &0 120 160

Area (acre)

[ ok

Apply

” Cancel H

Figure 3: Reservoir Editor -- Physical Tab -- Pool

i —q - B e —
Reservoir Editor -

S

Reservoir Edit Dam

Resenvoir | conant Brook v Description| [:]| (][w] 52 Uf74|m@

Ehysical | Operations | Obsenved Data|

2 Conant Brook Conant Brook-Dam

’ FPool
=7 EEl ) Elevation at top of dam (ﬂ)| 765_0|
<> 36-Inch Ungated Conduit
< Spillway Length at top of dam (ft) | 1050_0|
Composite Release Capacity
Elevation | Controlled | Uncontrol... Total
(ft) (cfs) (cfs) (cfs) 760
94.0 0.0 0.0 0.0 _g 740
695.0 0.0 10.0 10.0[ | & & 7207
696.0 0.0 20.0 20.0 2 700
697.0 0.0 40.0 40.0 L
698.0 0.0 57.0 57.0 0
699.0 0.0 71.0 71.0[= Flow
700.0 0.0 77.0 77.0 (cfs)
|l 705.0 0.0 103.0 103.0
710.0 0.0 120.0 120.0
720.0 0.0 148.0 148.0
730.0 0.0 172.0 172.0]
740.0 0.0 193.0 193.0
750.0 0.0 212.0 212.0
757.0 0.0 225.0 225.0
759.0 0.0/ 1,225.00 1,225.0
761.0 0.0/ 3,025.0] 3,025.0
763.0 0.0/ 5,725.0] 5,725.0
765.0 0.0/ 9,225.0| 9,225.0)«
[ OK ] [ Cancel l | Apply

Figure 4: Reservoir Editor -- Physical Tab -- Dam
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Conant Brook

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Conant

Brook’s “Existing Ops” operational zones, which consist of the zones Flood Control (757 ft), Conservation
(696 ft), and Inactive (694 ft).

i = I
K1 Reservoir Editor \ ' ™ ﬂ

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir :Conant Brook .: Description | [W][«] 520t 74 |[0][m]
-Ehysical Operations | Opserved Data
Operation Set iExisting Ops "i Description [:]
Zone-Rules | | | |
# Flood Control - .
Conservation
- Storage Zone Description E]
W [nactive Function of | Date
Date Top Elevation (ft)
01Jan 596.0) » 760
a0+
740+
=S
= 730
=)
™ 7207
&
| w 7109
T00+
a0 T T T T T
Jan Mar May Jul Sep Bov
Zone Sort Elevation

ok || cancel Apply

Figure 5: Reservoir Editor -- Operations Tab — Existing OpSet

B. Rule lllustrations

The operation set for Conant Brook has no operating rules making it a through flow reservoir. The pool
elevation will remain at the top of conservation unless the inflow exceeds the total release capacity.
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Crescent Street

Crescent Street

l. Overview

Crescent Street dam is a dam on the Millers River in Athol, MA. It is owned and operated by the L.S.
Starrett Company and is used for hydropower generation.

Figure 1 shows the location of Crescent Street Dam as it is represented in the HEC-ResSim model. Figure
2 shows a photo of the dam.

Crescent Street

Hoose Pond_In

ey t
& ‘O Grafton Fond_In

2008
o) EETit Street_Cut escent Street_In

O MLR_Corps Ops

o

Figure 1: HEC-ResSim Map Display Showing Location of Crescent Street Dam
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Crescent Street

Figure 2: Photo of Crescent Street Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°>. The dam consists of
three types of outlets: (1) an uncontrolled Main spillway, (2) an uncontrolled outlet, and (3) a power
plant as shown in Figure 4. The power plant has a maximum capacity of 510 cfs. The dam has a
constant tailwater elevation of 523.4 feet.

> National Dam Inspection Program. Phase | Inspection Report. 1972.
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Reservoir Edit Pool

Resenoir | Crescent Street - Descnpu‘on|

) ()0a) 50 or7 [

Physical ‘ Operations | Obsemved Data|

A\ Crescent Street Crescent Street-Pool
@ Linear Interpolation () ConicInterpolation  Initial Conic Depth (f) |:|
Elevation Storage Area
=3 Uncontrolled Outlet (f) EH (acre)
522.00 100000.00 0.00
530.00 100004.00 1.00 o
538.30 100022.00 350 545
540.00 100025.00 4.00 540
541.30 100035.00 5.00 §535—
549.30 100087.00 8.00 T 530
525
ST T T T T T IO
100,000 100,040 100,080
Stor(aec-ft)
550
545
_ 540
£ 535
H
2 530
525
ST T T T T T
012345678
Area (acra)
[ OK H Cancel ]| Apply

Figure 3: Reservoir Editor -- Physical Tab -- Pool

Reservoir Edit Dam

Resenoir | crescent Street - Descﬁpﬁon|

Ehysical ‘ Operations | Obsenved Data|

0] W) s0or74 ()0

A Crescent Street Crescent Street-Dam
Length attop of dam (ft) 127.0
<3 Uncontrolled Outlet Composite Release Capacity
Elevation | Controlled | Uncontro.. Total
() (cfs) (cfs) (cfs) 550/
523.4 0.0 0.0 0.0[«| § g
530.3 424.5 0.0 424.5 | B E___7
i =530
541.3] 2,685.0 0.0] 2,685.0 & ]
542.3] 3,410.0 0.0[ 3,410.0 SHATT T T T
513.3| 4,135.0 174.0] 4,309.0 0 15000
s48.0] 11,168.0[ 1,175.0[ 12,343.0 Flovw
549.3| 13,566.8) 1,592.8| 15,159.6 (cts)
s53.0] 20,394.0( 2,782.0[ 23,176.0
i
[ ok ][ cancer || apoy

igure 4: Reservoir Editor -- Physical Tab -- Dam
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Crescent Street

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Crescent
Street Dam’s “Guide Curve” operational zones, which consist of the zones Top of Dam (549 ft), Flood
Control (542.3 ft), Conservation (538.3 ft), and Inactive (523.4 ft)".

' " ™y
K1 Reservoir Editor ‘ ﬁ

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir | Crescent Street ~ | Description (| [W][a] 60 of74 | ][m]
[ |
-Ehysical Operations | Observed Data
Operation Set :Guide Curve v: Description [:]

Zone-Rules | Re|,N|0c_| |

Top of Dam -
: Ffopod Control Storage Zone |Conservation Description )
_JConservation Function of |p [ pemne.. |
ate
- Inactive
Date Top Elevation (ft)
01Jan 538.3 550
a44
= A40
5 5357
[
2 5304
L
A25
520 T T T T T
Jan dar May Jul Sep Moy
Zone Sort Elevation

[ ok || cance Apply
| — J Figure

5: Reservoir Editor -- Operations Tab — Guide Curve OpSet

B. Rule lllustrations

The operation set for Crescent Street Dam has no operating rules, making it a through flow reservoir.
The pool elevation will remain at the top of conservation unless the inflow exceeds the total release
capacity
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Crystal Lake

Crystal Lake

l. Overview

Crystal Lake dam is located in the town of Enfield, NH and flows into the Mascoma River. The dam is
maintained and operated by the State of New Hampshire Water Resources Board and is used primarily
to provide a recreational lake with some flood control benefits.

Figure 1 shows the location of Crystal Lake as it is represented in the HEC-ResSim model. Figure 2 shows
a photo of Crystal Lake.

(]
i
-O.' Second Connecticut Lake_Infl
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Figure 1: HEC-ResSim Map Display Showing Location of Crystal Lake
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Crystal Lake

Figure 2: Photo of Crystal Lake

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3**. The dam consists of
two types of outlets: (1) uncontrolled stoplogs, (2) uncontrolled spillway as shown in Figure 4%.

**NHSDam Data Sheet. Crystal Lake. 2006.
%> National Dam Inspection Program. Phase | Inspection Report: Crystal Lake Dam. 1978
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Crystal Lake

Reservoir Editor

Reservoir Edit Pool

Resenoir | Crystal Lake

v] Description |

Physical |Qperaﬁons Obsemved Data|

] [1][a] 27 or 74w ][n]

A Crystal Lake

]IPam

E-57 Dam

& stoplogs

-4 Stoplogs removed
& Spillway

Crystal Lake-Pool

@ Linear Interpolation () Conic Interpolation  Initial Conic Depth (ft) |:|

Elevation Storage Area
(ft) (ac-t) (acre)
887.20 0.00 300.00] »
887.40 69.60 304.80| |
887.60 139.20 309.60
887.80 208.80 314.40
885.00 27840 319.20/=
888.20 348.00 324.00
885.40 417.60 325.80
888.60 487.20 333.60|—
885.80 556.80 335.40
889.00 626.40 343.20
889.20 696.00 345.00
889.40 765.60 352.80
889.60 835.20 357.60
889.80 904.80 362.40
590.00 974.40 367.20
890.20 1044.00 372.00
590.40 1113.60 376.80
890.60 1183.20 381.60
590.80 1252.80 386.40
891.00 1322.40 391.20
891.20 1392.00 396.00] 7

296 -
_. 894
£ 20z
=
2 390

266

=251~ e I B
a 1,500 3,000

Star (ac-ft)

808
806
_ 884
£ 2oz

H
o 800
288
ST T T T T T T
320 360 400 440

Area (acre)

Figure 3: Reservoir Editor -- Physical Tab -- Pool

Reservoir Editor

Reservoir Edit Dam

” Cancel ]| Apply

Resenvoir | Crystal Lake

v] Description |

Bhysical |Qperaﬁons Observed Data|

L)) [W][«] 27 o 74| ](m]

A Crystal Lake

Pool

adDam|

& Stoplogs

% Stoplogs removed
----- & Spillway

Crystal Lake-Dam

Elevation attop of dam (ft) |

89?.2|

Length attop of dam (ft) |

170.0|

Composite Release Capacity

Elevation
(ft)

Controlled | Uncontroll...

(cfs)

(cfs)

884.0

0

.0

£885.0

54

.0

886.0

77

.0

887.0

94

.0

888.0

108

.0

885.0

133

.0

8580.0

154

.0

£891.0

172

.0

891.2

175

o

g891.2

175

o

g891.2

176

.2

£891.3

176

.6

£891.3

176

o

£891.3

177

.2

£891.3

177

.6

£891.3

178

.0

£91.4

178

3

Elevation

T T TT
0 1,500 3000

Flowe
(53]

Figure 4: Reservoir Editor -- Physical Tab -- Dam

oK

” Cancel H Apply

132




Crystal Lake

lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 4 shows the definition of Crystal Lake’s
“ExistingOps” operational zones, which consist of the zones Flood Control (897.2 ft), Conservation
(887.8-891.8 ft), and Inactive (880.5 ft)".

-
n Reszervoir Editor

1.

S

Reservoir Edit Operations Zone Rule IF_Block

Resenoir | Crystal Lake

- | Description

Physical | Qperations | Observed Data

) [W][a] 27 of 74 | ][m]

Operation Set :Existing Ops v: Description [:]
Zone-Rules | | |
g Flood Control ' .
: Consernvation
.1l Stoplogs removed Storage Zone Description |
__JConservation| Function of |p [ Defne.. |
: ate
[l Spring Refill m
‘[l Stoplogs removed :
™ inactive Date Top Elevation (ft) a0
01Jan BAT 8| -
31May Be7a B96
01Jun 89138 5547
110ct 8918 — BAZ4
=
120ct 8878 Z 800 J [
S apg{—— L
| % pa6
L
8844
8824
ga0 T T T T T
Jan mMar May Jul Sep MNov
Zone Sort Elevation
[ Ok l ’ Cancel Apply

Figure 5: Reservoir Editor -- Operations Tab —Existing Ops OpSet — Guide Curve
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Crystal Lake

B. Rule lllustrations

Figure 5 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops.

Ei Reservoir Editor

Reservoir Edit Operations £

Resenvoir | crystal Lake

Physical | Operations | Ops

Ciperation Set :Existing Op

|.qu Flood Control

~[l Stoplogs removed
o~

[l Spring Refill

“[l Stoplogs removed
I.— Inactive

Figure 5: Reservoir Editor -- Operations Tab — Existing Ops OpSet — Zones and Rules
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Crystal Lake

C. Rule Descriptions

1. Stoplogs removed
Figure 6 shows the content of “Stoplogs removed” rule. This rule defines the maximum release

from a controlled gate when stoplogs are removed as a function of pool elevation.

Operation Set :Existing Ops v: Description ]
Zone-Rules | | |
w& Flood Control Operates Release From: Crystal Lake-Stoplogs removed
B Y stoplogs removed ) L
# Conservation Rule Name: | stoplogs removed Description: =
W Spring Refill .
[ Stoplogs removed Function of: | Crystal Lake-Pool Elevation, Current Value
Wl [nactive

Limit Type: | Maximum

v: Interp.: :Linear

Figure 6: Reservoir Editor -- Operations Tab — Existing Ops OpSet — Stoplogs removed

2. Spring Refill

Figure 7 shows the content of “Spring Refil

release as a function of Inflow.

IM

200
Elev Release (cfs) & 1607
() o1Jan | 308pr | oimay | 110ct | 120 = 1207
884.0 0.0 0.0 0.0 0.0 00 .| § ig:
885.0 54.0 54.0 0.0 00 sa0 |z 3
826.0] 770 77.0 0.0 00| 770 I e
887.0 94.0 94.0 0.0 0.0 940 CEE I
838.0]  109.0]  109.0 0.0 0.0/ 109.0 Elev (f
889.0( 133.0] 1330 0.0 0.0/ 1330
890.0] 1540 1540 0.0 0.0/ 1540 [] Period Average Limit
891.0( 1720 1720 0.0 0.0] 1720
8913  186.0]  186.0 0.0 0.0] 1ssp | I HourofDayMutpiier
893.0 186.0 186.0 0.0 0.0 186.0 [7] Day of Week Multiplier
894.0( 186.0]  186.0 0.0 0.0/ 1860
895.0(  186.0 186.0 0.0 0.0[  186.0 [] Rising/Falling Condition
896.0] 186.0]  186.0 0.0 0.0/ 1860 R
897.0] 1860  186.0 0.0 0.0/ 1860
8075 186.0]  186.0 0.0 000 TER D -
4 1 | *

Operation Set :Existing Ops v: Description )
Zone-Rules | |
wh Flood Control Operates Release From: Crystal Lake
[l Stoplogs removed ) - L
BR Conservation Rule Name: | spring Refill Description: [

8 §spring Refill
------ B Stoplogs removed
o [nactive

Function of | Crystal Lake-Poal Net Inflow, Current Value

Limit Type: |Maximum | Interp: [Linsar |

0

Flow Release (cfs)
(=) | g1dan | 01Apr | 01un
0.0 01 0.0 04| -
52.99 0.1] 37.093 0.1
53.0 0.1 53.0 0.1
123456.0 0.1 53.0 %]

a0
20
-

Release (xfs)

1 1
20,000
Flow (zfs)

1 I
1] 40,000

[7] Period Average Limit
[] Hour of Day Multiplier

[ Day of Week Multiplier

Seasonal Variation

[ Rising/Falling Condition

1 1
120,000

Edit...

Edit...

Figure 7 Reservoir Editor: Operations Tab — Existing Ops OpSet — Spring Refill
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Danville

Danville

l. Overview

Constructed in 1916, Green Mountain Power Corporation (GMP) owns and operates the West Danville
Dam and hydroelectric generating facility (Station No. 15) located on Joe’s Brook in Caledonia County,
Vermont. The dam itself creates Joes Pond.

Figure 1 shows the location of Danville Dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Danville Dam.

(]
-
-O.' Second Connecticut Lake_Infl

_\‘3. She® %0
.'_.| _:‘ \C'Q_));;_ ] .C’ L% HP_Coldbrook Diversion
[ OJH‘: “""'.u. ; '? est Ware

Conant Broak_In

onmecticut at Mouth £y L

Figuré 1 HEC-ResSim Map Display Showing Location of Danville
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Danville

Figure 2: Photo of Joes Pond, which is impounded by the West Danville Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-

ResSim model. The elevation-storage-area defines the pool as shown in Figure 3%. The dam consists of

two types of outlets: (1) controlled sluice gate, and (2) power plant as shown in Figure 4%’

26 .
National Inventory of Dams database
?7 Green Mountain Power Corporation. Operating Plan for the West Danville Project. 2005.
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Danville

Reservoir Edit Pool

Resenvoir Description ) [w][«] 200173 ] [m]

Physical | Operations | Opserved Data|

/A Danville Danville-Pool
O ET ]
WD'ar_ll'_\ 1 @ Linear Interpolati ©) Conic polati Initial Conic Depth (ft)
@ Tailwater
; : glou\:vceer ?»7:“ Elevation Storage Area
() (ac-ft) (acre)
0.00 0.00
5.07 1570.00
6.82 2160.00 6
€ 47
el
@ 2]
1) T il
0 1,000 2,000
Stor (ac-f)
6
€ 41
z
w 2] |
0T

2 4 6 8 10
Area (undef)

Lok ][ cancel ][ aopy

I;igure 3: Reservoir Editor -- Physical Tab -- Pool

Reservoir Edit Dam
Reselvoir[Dw“e v | Description (=] ’E]ﬁ] 21 ofu[m@
)‘ Physical |(‘ i Iol_;sewed Daia‘
A Danille Danville-Dam
. Pool
I | = EEm Elevation attop of dam (1) 14.0]
4@ Tailwater
-9 Sluice gate Length attop of dam (1) | e7.0|

“ 4 Power Plant
Composite Release Capacity

Elevation Controlled Uncontrolled Total
@ (cfs) (cfs) (dfs) L

5.0 675.0 0.0 5.0l 5 ool
5.2 678.0 0.0 67e.0) T ][]
5.4 €81.0 0.0 681.0) & ot )
5.6 684.0 0.0 684.0 TTTTTTT
s.e 687.0 0.0 687.0 el
6.0 690.0 0.0 690.0 Flow
6.2 692.8 0.0 692.8 (cfs)
6.4 695.8 0.0 695.8
6.6 698.5 0.0 698.5
6.8 701.8 0.0 701.8

[ ok J[ cancer [ sy |

Figure 4: Reservoir Editor -- Physical Tab -- Dam
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Danville

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Danville’s
“Existing Ops” operational zones, which consist of the zones of Top of dam (6.82 ft), Flood Control (5.3
ft), Conservation (5.07 ft), Min Pool (5 ft), and Inactive zone (4.8 ft).

rm Reservoir Editor ’F‘_—.._ '1 uﬁ

Reservoir Edit Operations Zone Rule IF_Block

Resenoir :Danville v: Description = E@ 21 of 74 [E@

Fhysical | Operations | Observed Data

Operation Set :Existing Ops v: Description )

Zone-Rules | | |

@ Top of dam
# Flood Control

[l Bypass Release || Function of
[l Aquatic Base Flow Dafoe

Storage Zone Conservation Description [J

L Jconservation| :
; 8 Bypass Release Date Top Elevation (ft) -0
-1l Aquatic Base Flow || [01Jan 5.07] '
@ Nin pool 5.5
o nactive :
£ 6.0
=
i=:
£ 55+
w
a.0
T T T T T
Jan Mar May Jul Sep Rov

Zone Sort Elevation

L | ok |[ cance Apply

= - - E 3 E - = ¥

Figure 5: Reservoir Editor -- Operations Tab —Existing Ops OpSet — Guide Curv
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Danville

B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops.

Ei Reservoir Editor

Reservoir Edit Operations Z

Resenoir | Danville

Physical | Operations | Ops

Ciperation Set :Existing Op

™ Top of dam
@™ Flood Control

~-[l Bypass Release
[B Aguatic Base Flow
|

[B Bypass Release

™ Min pool
# [nactive

Figure 6: Reservoir Editor -- Operations Tab — Existing Ops OpSet — Zones and Rules
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Danville

C. Rule Descriptions

1. Bypass Release

Figure 7 shows the content of “Bypass Release” rule. This rule represents a constant 7 cfs
release through the sluice gate.

Operation Set :Existing Ops v: Description C]
Zone-Rules | | |
Ll -Frlop gfga”; | Operates Release From: Danville-Sluice gate
i Flood Contro . N
[“YBypass Release Rule Mame: |Bypass Release Description: (]

@ Aquatic Base Flow

Conservation B CROminEy] nyate

@ Bypass Release

Limit Type: | i | Interp: L ]
@ Aquatic Base Flow ype. | Specified > | P2 | Linear - .
o [in pool _ ]
7704
™ inactive Date Release (cfs) 8 ]
01Jan 70| - o 7.007
3 606
= 5.92 T T T T T

Jdan Mar May Jul Sep How

[7] Period Average Limit Edi
[T Hour of Day Multiplier
[7] Day of Week Multiplier

[ Rising/Falling Condition

Seasonal Variation Edit...

Figure 7: Reservoir Editor -- Operations Tab — Existing Ops OpSet — Bypass Release

2. Aquatic Base Flow
Figure 8 shows the content of “Aquatic Base Flow” rule. This rule represents the minimum
required to be released through power plant.

Operation Set | Existing Ops ~ | Description @
Zone-Rules | I |

wh Top of dam Operates Release From: Danville-Power Plant

i Flood Control

[ Bypass Release || Rule NaMe: aquatic Base Flow Description: o
[B Aquatic Base Flow

® Conservation Function of | Date

[E Bypass Release

™Y Aquatic Base Flow] Limit Type: | Minimum | Interp: [Linear =)
i 26
: l'::;;igl Date Release (cfs) gg:;;

01Jan 200 »| 2207
1dApr 200) | & 15
15Apr 280 | € et
18Jdun 280 Jan Mar May Jul Sep Mov
16Jun 14.0 L
308ep 140" || [C] Period Average Limit
010ct 200

[] Hour of Day Multiplier
|| [[] Day of Week Multiplier

[ RisingiFalling Condition

Seasonal Variation Edit...

Figure 8: Reservoir Editor -- Operations Tab - Existing Ops OpSet — Aquatic Base Flow
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Deerfield No. 2 Development

Deerfield No. 2 Development

l. Overview

Deerfield No. 2 Development is located downstream of Shelburne Falls on the Deerfield River and is the
closest counting up from confluence with the Connecticut River. It is owned and operated by
TransCanada Hydro Northeast Inc. for hydropower generation on a run-of-river basis.

Figure 1 shows the location of Deerfield No. 2 dam as it is represented in the HEC-ResSim model, and
Figure 2 shows a photo from Deerfield No.2 dam.

#2 Development_In

evelopment_Out

onnecticut at Mouth

Figure 1: HEC-ResSim Map Dlsplay Showing Location of Deerfield No.2
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Deerfield No. 2 Development

-

Ry, -l R i

—

"

Figure 2: Photo of Deerfield No. 2 Dam

i

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°%. The dam consists of

three types of outlets: (1) controlled spillway, (2) controlled sluice, and power plant as shown in Figure 4
(TransCanada Corporation).

%8 Data provided by TransCanada
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Deerfield No. 2 Development

e b
ﬂ Reservoir Editor u
Reservoir Edit Pool

Resenoir | #2 Development ~ | Description [j| (1[4t 46 of 74 ] (0]
Physical | Operations | Obsernved Data‘
AE#ZDevelopment #2 Development-Pool
@ Linear Interpolation ) ConicInterpolation  Initial Conic Depth (ft)
Elevation Storage Area
ft) (acft) (acre)
283.66 100000.00 -
283.76 100060.50 |
283.86 100121.00 | 2867
283.96 10015150 3 2ERd
284.06 100242.00 (=4 A
284.16 100302.50 3 26887
234.26 100363.00 5]
28436 100423.50 N
284.46 100424.00 100000 104,000
284.56 100544.50 - i
254.66 100605.00 1 ()
284.76 100665.50 2867
284.86 100726.00 2572
284.96 100786.50 =5 ~
285.06 100847.00 3 2884
285.16 10090750 w ]
285.26 100968.00 &
' 28536 101028 50 v " oin
285.46 101089.00
| 28556 101149.50 e (e
285.66 101210.00
i 285.76 101270.50
285.86 101331.00 =
OK l [ Cancel Apply

|5 — — S— =

Figure 3: Reservoir Editor: Physical Tab -- Pool

- b
Reservoir Editor u
Reservoir Edit Dam

Resenoir | #2 Development - | Description [:]| [W][«] 25 0f74|m@
Physical | Operations | Obsenved Data|
A\ #2 Development #2 Development-Dam
Elevation attop of dam (ft) | 314.6|
Length attop of dam (f) | 44—,_0|
Composite Release Capacity
Elevation Controlled Uncontrolled Total
(ft) (cfs) (cfs) (cfs) 3104
283.0 1,142.4 0.0 1,142.4| § 392
283.6 1,442.4 0.0 1,422.4| € 5901
285.0 2,142.4 0.0 2,142.4| B 4
290.0 2,142.4 0.0 2,142.4 BT T T
294.6 4,729.9 0.0 1,729.9 0 15000
298.0 6,642.4 0.0 6,642.4 Flonwy
314.6 21,143.4 0.0 21,142.4 (o)
OK ] [ Cancel Apply
=

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Deerfield No. 2 Development

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Deerfield No.
2’s “ExistingOps” operational zones, which consist of zones of Top of dam (314.6 ft), Conservation (294.6
ft), Min Pool (283.6 ft), and Inactive zone (283 ft)*.

r:i Reservair Editor ﬁj
Reservoir Edit Operations Zone Rule IF_Block
Resenair | #2 Development ~ | Description @] [W][a] 46 of 74|[w ] [m]
| Physical| Operations | opsenved Data
Operation Set :ExistingDps v: Description E]

Zone-Rules | Rel. Alloc. | |

w Top of dam - A
: Conservation
[l Max Power Plant First ENEIRALIE Description =
Function of -
Dat
&-{ } Run of River Hydropower ate
‘[l Min Flow Logic#2 Development -
o Llin Pool Date Top Elevation (ft) s
Nl | || ‘nactive 01Jan 2046/ »
304
3054
g
= 300
S
m 2957
B
w290
2854
280

T T T T T
Jan Mar May Jul Sep Moy

Zone Sort Elevation

’ Ok ] ’ Cancel Apply

Figure 5 Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve

Figure 6 shows a sequential release allocation approach specified for available outlets along Buford
Dam. The available outlets are given an order of priority for release. The power plant gets the
release first until it reaches release capacity. The spillway gets the remainder of the release until it
reaches capacity. After the capacity through the spillway is reached, the remainder of the release
goes through the sluice gate.
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Deerfield No. 2 Development

1 Reservoir Editor

Reservoir Edit Operations

Resenoir | g2 Development Description

-

Physical | Operations | Observed Data

Operation Set :Exisﬁng[}ps

-

Description

Zone-Rules | Rel Alloc. | Jutages I Stor: Credit

Release Allocation Strategy

ﬂ_'-_ #2 Development - Balanced

SR> Development-Dam (1.0} - Seguential
Q} #2 Development-Power Plant

<y #2 Development-Spillway
-y #2 Development-Sluice

Release Location: #2 Development-Dam

Allocation Type: | Sequential

#2 Development-Power Plant
#2 Development-Spillway
#2 Development-Sluice

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation

B. Rule lllustrations

Figure 7 shows a set of operational rules specified for each zone that reflects the operation set named

Existing Opszg.

Reservoir Edit Operations Zone Rule IF_Block

- | Descriptior

Reservoir :#2 Development

Physical | Operations | Observed Data

Operation Set ExistingOps

Dutages | St
w Top of dam
[l Max Power Plant First
-
=-{ } Run of River Hydropower
. O-= IF (Full Paal)

Zone-Rules | Rel. Alloc. |

P @ Hydropower-Release Inflow

i == ELSE (Pool Partially Empty)

[l Hydropower-Release 95% Inflow
[l Min Flow Logic-#2 Development

= [Min Pool

# [nactive

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

* TransCanada. Deerfield River Operational Constraints. 2012.
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Deerfield No. 2 Development

C. Rule Descriptions

1. Max Power Plant First

Figure 8 shows the content of “Max Power Plant First” rule. This rule forces the inflow to pass
through the power plant first until it reaches the maximum plant capacity.

-

n Reserveir Editor
-

[N e Rg—

S

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir :#2 Development ':

-Eh].rsical Operations | Observed Data

Description

| [m][a] 46 or 74 [[w][m]

Operation Set :ExistingDps

=-{ } Run of River Hydropower
== |F (Full Pool)

[l Hydropower-Release Inflow
E}-D ELSE (Pool Partially Empty)

------ [E Hydropower-Release 95% Inflow

™ in Pool
o [nactive

v: Description =
Zone-Rules | Rel. Alloc. | |
 Top of dam Operates Release From: #2 Development-Power Plant
B R ax Power Plant First . N
# Conservation Rule Name: |jax Power Plant First Description: m]

Function of: | #2 Development-Pool Net Inflow, Current Value

Limit Type: | Maximum

- Interp.:  Linear -

Flow (cfs) Release (cfs)
-1000.0 0.0
0.0 0.0
1142.4 1142.4
123456.0 1142.4

1,200
a00+
400+

Release (cfs)

0 T T T T T
1] 60,000 120,000

Flowy (cfs)
[7] Period Average Limit
[7] Hour of Day Multiplier
[] Day of Week Multiplier
[T Rising/Falling Condition

[] Seasonal Variation

l

ok || canca | Apply

Figure 8 Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Power Plant First
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Deerfield No. 2 Development

2. Run of River Hydropower
Figure 9 shows the content of “Run of River Hydropower” rule. This rule release total inflow
through power plant when pool elevation is higher than conservation elevation and 95% of
inflow when pool elevation is less than conservation zone as per the run-of-river modeling

strategy.

Operation Set :ExistingDps v: Description )
Zone-Rules | Rel. Alloc. | |
wh Top of dam Operates Release From: #2 Development-Power Plant

[l MaxPower Plant First
@A Conservation IF Conditional | Fy)| pool Description: L]
=1} of River Hydropower

& A Valust Value2

5 ~-[@ Hydropower-Release Inflo | #2 Development-PoolElevation | == | 2946 Del. Cond.

== ELSE (Pool Partially Empty)
[l Hydropower-Release 95%
“[l Min Flow Logic#2 Development
r Min Poal

Move Up

—

Operation Set iExistingDps vi Description ]
Zone-Rules | Rel. Alloc. | |
wh Top of dam Operates Release From: #2 Development-Power Plant
“[l Max Power Plant First _ o
@A Conservation Rule Name: |ydropower-Release Inflow | Description: =
=-f } Run of River Hydropower .
&= IF (Full Poal) Function of: |2 Development-Pool Net Inflow, Current Value
N~V | 1y dropower-Release Inflo| [ - : —
: Limit Type: i w| Interp. |
== ELSE (Pool Partially Empty) YRS ML | TR 1w 2 o
: [l Hydropower-Release 95% B 3000
[l Min Flow Logic-#2 Development Sl el || s s & 40007
A Nin Pool 0.0 0.0] » ﬁ 0= T T T T T T T
& Inactive 100000 100000 0 2000 4000 6000 000 10,000
Flow fizfs)
[7] Period Average Limit Edit...
[7] Hour of Day Multiplier
] Day of Week Multiplier
[ Rising/Falling Condition
4 i r T[] seasonal Variation Edit...
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Deerfield No. 2 Development

Operation Set :ExistingDps v: Description [:]
Zone-Rules | Rel. Alloc | | |
wh Top of dam Dperates Release From: #2 Development-Power Plant
“ [l Max Power Plant First
& Conservation ELSE Conditional |pggl Partially Empty Description: ]

EI---{_} Run of River Hydropower
&= IF (Full Pool)

------ [@ Hydropower-Release Inflo

=R g ELSE (Pool Partially Empty)|
: [l Hydropower-Release 95%
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a [in Pool

o nactive

Operation Set ExistingOps

-

Description

Zone-Rules | Rel_ﬁ.]lcuc_l |

™ Top of dam

“[l Max Power Plant First

™ Conservation

=1 } Run of River Hydropower

= IF (Full Pool)

. ~[B Hydropower-Release Inflo
== ELSE (Pool Partially Empty)

B 1-ydropower-Release 95%

“ [l Min Flow Logic#2 Development

o [in Poaol

s, [nactive

1 |

m [ b

Operates Release From: #2 Development-Power Plant

Rule Name: ,gwer-Release 95% Inflow | Description:

Function of | #2 Development-Poal Met Inflow, Current Value Define...

IE]
I (|

Limit Type: |Mi. » | Interp:| «

W 9.0003
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Flow (=)

[] Period Average Limit

[] Hour of Day Multiplier
] Day of Week Multiplier
I Rising/Falling Condition
[7] Seasonal Variation Edit...

Edit...

-

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Run of River hydropower
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Deerfield No. 2 Development

3. Min Flow Logic#2 Development
Figure 10 shows the content of Min Flow Log#2 Development. This rule represents the minimum
flow of 200 cfs from Deerfield #2.

o™ Conservation
=-{ } Run of River Hydropower
- &= IF (Full Pool)
. [l Hydropower-Release Inflo
: E-= ELSE (Pool Partially Empty)
‘[l Hydropower-Release 95%
@ IMin Pool
o [nactive

Function of: |pate

Limit Type:  Minimum ~ | Interp. | Linear +

Date Release (cfs)

01Jan 200.0

1| 1 | 3

*

m

Operation Set iExistingDps 'i Description [:
Zone-Rules | Rel, Alloc. | |
wh Top of dam Operates Release From: #2 Development
[l Max Power Plant First _ o
Rule Name: | qw | ogic#2 Development | Description: )

202.0
201.0
2000
199.0
193.0

Release (xfs)

T T T T T
Jan har mEy  Jul  Sep Mow

[7] Period Average Limit Edit...
[T Hour of Day Multiplier
[ Day of Week Multiplier

[ Rising/Falling Condition

Seasonal Variation Edit...

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow Logic #2 Development
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Deerfield No. 3 Development

Deerfield No. 3 Development

l. Overview

Deerfield No. 3 Development is located on the Deerfield River upstream from Selburne Falls, MA. It
is owned and operated by TransCanada Hydro Northeast Inc for hydropower generation on a run-of-
river basis.

Figure 1 shows the location of Deerfield No. 3 dam as it is represented in the HEC-ResSim model.
Figure 2 shows a photo of Deerfield No. 3 dam

4

O #3 Development_In

#3 Develffment

g4l

=3 DevelopmentWgut

e
?OO Conant Brook_In

it Lake

Figure 1: HEC-ResSim Map Display Showing Location of Deerfield No. 3
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Deerfield No. 3 Development

Figure 2: Photo of Deerfield No. 3 Development

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°°. The dam consists of
four types of outlets: (1) controlled sluice, (2) controlled old fish gate, (3) uncontrolled flashboard
spillway, and (4) power plant as shown in Figure 4.

* Data provided by TransCanada
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Deerfield No. 3 Development

-
K1 Reservoir Editor

Reservoir Edit Pool

===
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Figure 3: Reservoir Editor:

Physical Tab -- Pool
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Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Deerfield No.
3’s “ExistingOps” operational zones, which consist of zones of Top of dam (422.6 ft), conservation (402.6
ft), Min Pool (399.6 ft), and Inactive zone (370 ft)*.

ol - - ™
:I Reservoir Editor ﬁ

Reservoir Edit |Operations | Zone Rule IF_Block

Resernvoir i#g Development vj Description o E@ 44 of 74 @@
-Ehysical Operations | Observed Data
Operation Set iExistingDps vi Description [:]
Zone-Rules | Rel. Alloc. | | |
# Top of dam - -
: Conservation
(B Max Power Plant First Storage Zone Description 8
L Jconservation Function of |p [ Defne.. |
: ate
&-{ } Run of River Hydropower
[l Min Flow Logic - #2 Development :
& 1in Pool Date Top Elevation (ft) 430
o [nactive 01.Jan 402 6| =
4207
4104 |
=)
— 400
2
w390
T
w 380
ara
360 T T T T T
Jan Mar May Jul Sep Moy
Zone Sort Elevation

’ OK ] [ Cancel Apply

Fa A

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve

Figure 6 shows a sequential release allocation approach specified for available outlets along Buford
Dam. The available outlets are given an order of priority for release. The power plant gets the
release first until it reaches release capacity. The sluice gate the remainder of the release until it
reaches capacity. After the capacity through the sluice is reached, the remainder of the release goes
through the old fish gate.
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Reservoir Edit Operations

Resenoir g3 Development + Description

Physical | Operations | Observed Data

Qperation Set :ExistingDps v: Description

Zone-Rules | Rel. Alloc. | I I

Release Allocation Strategy

Q‘ #3 Development - Balanced Release Location: #3 Development-Dam
EI? #3 Development-Dam (1.0) - Sequential Allocaiion TYDe: : :
-y #3 Development-Power Plant ocation type. Sequential

----- <3 #3 Development-Sluice

Q} #3 Development-old fish gate #3 Development-Power Plant

#3 Development-Sluice
#3 Development-old fish gate

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation

B. Rule lllustrations

Figure 7 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Opsal.

Reservoir Edit Operations Zone Rule IF_Block

Resenoir | #3 Development ~ | Descriptio

| | Physical| Operations | Observed Data

Operation Set ExistingOps

Zone-Rules | Rel. Alloc. | |

@™ Top of dam
[l Max Power Plant First

-

=-{ } Run of River Hydropower
. E-= IF (Full Pool)

P B Hydropower-Release Inflow

. == ELSE (Pool Partially Empty)

‘[l Hydropower-Release 95% Inflow
[l Min Flow Logic - #3 Development

@ in Fool

o [nactive

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

*! TransCanada. Deerfield River Operational Constraints. 2012.
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C. Rule Descriptions

1. Max Power Plant First
Figure 8 shows the content of “Max Power Plant First” rule. This rule forces the inflow to pass
through the power plant first until it reaches the maximum plant capacity.

Resenvair :#3 Development v: Description | [W][a] 44 or74 ][ m

Physical| Operations | Observed Data

Operation Set :ExistingDps v: Description

Zone-Rules | Rel. Alloc. | | |

#h Top of dam Operates Release From: #3 Development-Power Plant

g WMax Power Plant First

™ Conservation

&
[J
=-f } Run of River Hydrapower i
. &= IF (Full Poal) Function of: |#3 Development-Pool Net Inflow, Current Value

i ﬁ Hydropower-Release Inflow A r 7 r 7
: Limit Type: i Interp.
== ELSE (Pool Partially Empty) YPE: | Mai. | Pl |,

Rule Mame: |ax Power Plant First Description:

i ﬁ Hydropower-Release 85% Inflow B 200 -
[l Min Flow Logic - #3 Development S il o] % 4004
#A Win Pool -1000.0 00ja & =~ 3+ 1 11
A [nactive 1023'3 1022'3 « i} 60,000 420,000
123456.0 10224 Flom (cts)

["] Period Average Limit

[7] Hour of Day Multiplier

[7] Day of Week Multiplier

[7] seasonal Variation

-

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Power Plant First
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2. Run of River Hydropower
Figure 9 shows the content of “Run of River Hydropower” rule. This rule release total inflow
through power plant when pool elevation is higher than conservation elevation and 95% of
inflow when pool elevation is less than conservation zone as per the run-of-river modeling
strategy.

Operation Set :ExistingDps v: Description
Zone-Rules | Rel Alloc. | |
#& Top of dam Operates Release From: #3 Development-Power Plant
-l Max Power Plant First
@ Conservation IF Conditional |Fy) pool Description:
=-{ } Run of River Hydropower
T L Add Cond.
=8 &I (Full Pool) Value1 Value2
. ~[@ Hydropower-Release Inflow | #3Development-PoolElevation | == | 402.6 Del. Cond.

EI-P ELSE (Pool Partially Empty)

[l Hydropower-Release 95% Inflow
@ Min Flow Logic - #3 Development

# [Min Pool Maove Up

o [nactive

Waove Down

L

Ewaliiato

Operation Set | ExistingOps ~ | Description o

Zone-Rules | Rel. Alloc. | | |

#h Top of dam Operates Release From: #3 Development-Power Plant
[l Max Power Plant First
@A Conservation ELSE Conditional |pgol Partially Empty Description: ]

Q--{.} Run of River Hydropower
. E-= |F (Full Poal)
‘[l Hydropower-Release Inflow
=
[l Hydropower-Release 95% Inflow
[l Min Flow Logic - #3 Development
& Min Pool
o [nactive
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=-{ } Run of River Hydropower
' == IF (Full Pool)

# [in Pool
# [nactive

¢ -[@ Hydropower-Release Inflow
E} -D ELSE (Poal Partially Empty)

B RHydropower-Release 95% Inflow

ﬁ Min Flow Logic - #3 Development

Function of |23 Development-Pool Net Inflow, Current Value

Limit Type: |Mini.. | Interp: L «
Flow (cfs) Release (cfs)

0.0 00|
10000.0 9500.0

Operation Set :ExistingDps v: Description [:]
Zone-Rules | Rel. N|oc_|
wh Top of dam Operates Release From: #3 Development-Power Plant
[l Max Power Plant First ] L
# Conservation Rule Name: ,gwer-Release 95% Inflow | Description: =)

F 90003

2 6,000

a E

W 2,000

@ =

a L€ e s Y N N B B
a 3,000 &000 9,000

Flows (cfs)

[] Period Average Limit
["] Hour of Day Multiplier
[7] Day of Week Multiplier
[ Rising/Falling Condition

[7] Seasonal Variation

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Run of River hydropower

3. Min Flow Logic#3 Development
This rule represents seasonal minimum flow as represented in Figure 10.

Operation Set ExistingOps

v: Description

Zone-Rules | Rel. Alloc. | I

pu Top of dam

------ [ Max Power Plant First

wA Conservation

=-{ } Run of River Hydropower

i = IF (Full Poal)

[l Hydropower-Release Inflow

=s -F ELSE (Pool Partially Empty)
ﬁ Hydropower Release 95% Inflow
------ -m

o™ [in Pool

N [nactive

Operates Release From: #3 Development

Rule Name: \w Logic - #3 Development | Description: | seasanal min rules which are accounting for[):

Function of: |23 Development-Pool Net Inflow, Current Value

Limit Type: | Minimum | Interp: [Linear -
5 80
Flow Release (cfs) ¥ 4]
B0
(cf5) | p1san| 01Apr | 160un | 153ep | 16Nov 3 — T
0.0 00| 1000 0.0/ 1000 0.0 - D GD  END  TEI
100.0] 100.0] 100.0] 100.0] 1000 100.0] Flow (c2)
123456.0| 100.0/ 100.0] 100.0] 100.0] 100.0 _ o
| [C]Period Average Limit
[] Hour of Day Multiplier
| [C] Day of Week Multiplier
.| [ RisingFaliing Condition
vl L | » [¥] Seasonal Variation Edit...

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow Logic #3 Development
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Deerfield No.4 Development

l. Overview

Deerfield No. 4 Development is located directly downstream of the Highway 2 bridge on the
Deerfield River. It is owned and operated by TransCanada Hydro Northeast Inc. for hydropower
generation on a run-of-river basis.

Figure 1 shows the location of Deerfield No. 4 dam as it is represented in the HEC-ResSim model.
Figure 2 shows a photo of Deerfield No. 4 dam.
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Figure 1: HEC-ResSim Map Display Showing Location of Deerfield No.4
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Figure 2: Photo of Deerfield No. 4 Development

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3*°. The dam consists of
five types of outlets: (1) controlled fish gate, (2) controlled sluice No.1&2, (3) controlled sluice No.3, (4)
uncontrolled flashboard spillway, and (5) power plant as shown in Figure 4.

*? Data provided by TransCanada
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— - - —

Reservoir Edit Pool

Reser\foir[MDwempmem v] Descripti0n| E]| (W][a] 43 0f74|m@

Physical |gperaﬁons Observed Datal

A #4 Development #4 Development-Pool
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’ QK ” Cancel ] Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

rvoir M

Reservoir Edit Dam
Resenoir | #4 Development - Descripti0n| [3| [1][«] 430174 [m]
Physical | Operations | Observed Data|
A\ #4 Development #4 Development-Dam
Elevation attop of dam (f) | 4ag_ﬁ|
Length at top of dam (ft) | 150_0|
Composite Release Capacity
..<} flashboard spillway Elevation | Controlled | Uncontrolled Total
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162.9 1,210.8 0.0 1,210.8(_|| & & 477
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163.3 1,240.8 0.0 1,240.8 460 T T T 1T
163.5 1,261.8 0.0 1,261.8 0 40,000
163.7 1,285.8 0.0 1,285.8 Flow
163.9 1,311.8 0.0 1,311.8 {cfs)
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ok || cancel Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Deerfield No.
4’s “ExistingOps” operational zones, which consist of zones of Top of dam (489.6 ft), conservation (469.6
ft), Min Pool (464.6 ft), and Inactive zone (419.6 ft)".

' - - ™
EI Reservoir Editor &J

Reservoir Edit Operations Zone Rule IF Block
Resernvoir #4 Development v: Description o E@ 43 0f T4 @E]
-Ehysical Operations | Observed Data
Operation Set :ExistingDps v: Description [:]
Zone-Rules | Re|_m|gc,| | |
g Top of dam : -
: Conservation
...[l Max Power Plant Fir Storage Zone Description L
L Jconservation Function of |pat [ Defne... |
- } Run of River Hydrop ate
“[0 Min Flow Logic-#4 :
B Lin Pool Date Top Elevation (ft) 500 I
oM [nactive 01.Jan AG9 6| »
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480
= 470
= 460
=
T 450
4404
L
430
420
410 T T T T T
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S Zone Sort Elevation
4 L1} 2
’ QK ] [ Cancel ] Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve

Figure 6 shows a sequential release allocation approach specified for available outlets along Buford
Dam. The available outlets are given an order of priority for release. The power plant gets the
release first until it reaches release capacity. The fish gate the remainder of the release until it
reaches capacity. After the capacity through the fish gate is reached, the remainder of the release
goes through sluice No. 1, 2, and 3 respectively.
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Reservoir Edi - e s Sl

Reservoir Edit Operations

Resenoir #4 Development ~ | Description | [E

|| | Physical Operations | Observed Data

Operation Set :ExisﬂngDps v: Description

Zone-Rules | Rel. Alloc. | | |

Release Allocation Strateqgy

QMDE”EI‘]D”"EM'EE"E”EEH Release Location: #4 Development-Dam
EI? #4 Development-Dam (1.0) - Sequential T : :
-y #4 Development-Power Plant ocation Type: | Sequential

4> #4 Development-fish gate
<> #4 Development-siuices No.1 & 2 #4 Development-Fower Plant

Q #4 Development-sluice No.3 #4 Development-fish gate
#4 Development-sluices Mo 1 & 2

#4 Development-sluice Mo.3

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation

B. Rule lllustrations

Figure 7 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops>>.

Reservoir Edit Operations Zone Rule IF Block

Resenoir #4 Development ~ | Descripti

|| | Bhysical Operations | Observed Data

Cperation Set iExistingDps

Zone-Rules | ReI.NIOC.I |

™ Top of dam
[l Max Power Plant First
-
=-{ } Run of River Hydropower
: E\‘# IF (Full Pool)
- [l Hydropower-Release Inflow
== ELSE (Pool Partially Empty)
“[l Hydropower-Release 95% Inflow
[l Min Flow Logic - #4 Development
o IMin Pool
o [nactive

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

% TransCanada. Deerfield River Operational Constraints. 2012.
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C. Rule Descriptions

1. Max Power Plant First

Figure 8 shows the content of “Max Power Plant First” rule. This rule forces the inflow to pass
through the power plant first until it reaches the maximum plant capacity.

Operation Set iExistingDps "j Description E]
Zone-Rules | Rel Alloc. | I
-'4 Top of dam Operates Release From: #4 Development-Power Plant

------ [~ Riax Power Plant First

™ Conservation

=-{ } Run of River Hydropower

= -P IF (Full Pool)

[l Hydropower-Release Inflow

= -i' ELSE (Pool Partially Empty)
P B Hydropower-Release 95% Inflow
------ [l Min Flow Logic - #4 Development

o Min Pool

¥R [nactive

Rule Mame: | yax Power Plant First Description: =)

Function of: |#4 Development-Poal Met Inflow, Current Value

Limit Type: |Maxi.. - Interp:|pLi. =
1,200
Flow (cfs) Release (cfs) 2 oog
-1000.0 00| = ﬁ 400
0.0 00 | @ o9t
1204.8 12048 1] 50,000 420,000
1234560 1204 8 Flaw (fs)

[7] Period Average Limit

[ Hour of Day Multiplier

] Day of Week Multiplier

[] Rising/Falling Condition

[[] seasonal Variation

-

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Power Plant First
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2. Run of River Hydropower

Figure 8 shows the content of “Run of River Hydropower” rule. This rule release total inflow through
power plant when pool elevation is higher than conservation elevation and 95% of inflow when pool
elevation is less than conservation zone as per the run-of-river modeling strategy.

Operation Set iExistingDps 'i Description

Zone-Rules | Rel. Alloc. | |

wh Top of dam Operates Release From: #4 Development-Power Plant
‘[l Max Power Plant First
@ Conservation IF Conditional |Fy) poal Description:
=-{ } Run of River Hydropower
=R 4IF (Full Pool) Value1 Value2 Add Cand.

""" [@ Hydropower-Release Inflow |  #4 DevelopmentPoolElevation | == | 46985
E}-P ELSE (Pool Partially Empty) Del. Cond.

P e [E Hydropower-Release 95% Inflow
[l Min Flow Logic - #4 Development

L |

o Lin Pool
o™ [nactive Wove Up
Move Down
Evaluate
Operation Set :ExistingDps v: Description [:

Zone-Rules | Rel. Alloc. | |

wh Top of dam Operates Release From: #4 Development-Power Plant
[l Max Power Plant First . L
A Conservation Rule Name: ydrﬂpﬂwer_Rﬂease Inflow Description; E]

=-{ } Run of River Hydropower

= = IF (Full Pool) Function of. |24 Development-Poal Met Inflow, Current Value
™Y Hydropower-Release Inflow Limit Type: 'Mini... ] Interp - 'Li... ]

E}-P ELSE (Pool Partially Empty)

12,000

; [l Hydropower-Release 95% Inflow iy ]

: 8,000

[l Min Flow Logic - #4 Development SIo iE Release (cfs) é’ .

™ Min Pool 0.0 0.0] i 4,000

o [nactive 10000.0 10000.0 2 L€ i s e e e B
0 3000 6,000 9,000

Flowu (zf=)

[7] Period Average Limit
[ Hour of Day Multiplier Edi

I
=

7] Day of Week Multiplier Edit...

[7] Rising/Falling Condition Edit...
[7] Seasonal Variation Edit...
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Operation Set iExistingDps 'j Description [
Zone-Rules | Rel. A]lgc_l | |
wh Top of dam Operates Release From: #4 Development-Power Plant
“[l Max Power Plant First
@™ Conservation ELSE Conditional |pggl Partially Empty Description: [

{ } Run of River Hydropower
== |F (Full Pool)
‘[l Hydropower-Release Inflow
R gL SE (Pool Pariially Empty)
[l Hydropower-Release 95% Inflow
“[l Min Flow Logic - #4 Development
o [lin Pool
m [nactive

Operation Set ExistingOps

'i Description

Zone-Rules | Rel. Alloc. | |

™ Top of dam
[l Max Power Plant First
w® Conservation
=-{ } Run of River Hydropower
. == |F (Full Poal)
: [l Hydropower-Release Inflow
== ELSE (Pool Partially Empty)
. Lm
[l Min Flow Logic - #4 Development
o Iin Pool
o [nactive

Operates Release From: #4 Development-Power Plant

Rule Name: jower-Release 95% Inflow | Description:

&
J

Function of. | #4 Development-Pool Met Inflow, Current Value
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0.0 0.0] « % 2,000
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E
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Figure 8 Reservoir Editor: Operations Tab — Existing Ops OpSet — Run of River hydropower
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3. Min Flow Logic#4 Development

This rule represents seasonal minimum flow as represented in Figure 9.

Operation Set ExistingOps

v: Description

Zone-Rules | Rel. Alloc. | |

# Top of dam

™ Conservation
{ } Run of River Hydropower
5= IF (Full Paal)
‘[l Hydropower-Release Inflow
- = ELSE (Poal Partially Empty)
[l Hydropower-Release 95% Inflow
7]
™ [lin Pool
o [nactive

Limit Type: | Minimum

Operates Release From: #4 Development

Function of: |24 Development-Pool Net Inflow, Current Value

| Interp.: [Lingar
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<

I

| »
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Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow Logic #4 Development
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Deerfield No. 5 Development

l. Overview

Deerfield No. 5 Development is located in the town of Monroe, MA on the Deerfield River. It is owned
and operated by TransCanada Hydro Northeast Inc. for hydropower generation on a run-of-river basis.

Figure 1 shows the location of Deerfield No. 5 dam as it is represented in the HEC-ResSim model .Figure
2 shows the photo of Deerfield No.5 dam.
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Figure 1: HEC-ResSim Map Display Showing Location of Deerfield No.5
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Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3*. The dam consists of
five types of outlets: (1) controlled sluice gate, (2) controlled spillway, (3) controlled Flap gate, (4)
controlled flood gate, and (5) power plant as shown in Figure 4.

* Data provided by TransCanada
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s ™
I Reservor et . AN -
Reserveir Edit Pool

Resenoir |#5 Development - Descnption| [:]| [1][a] 21 m74|m@
Ehysical | Operations | Obsenved Data|
A_#S Development #5 Development-Pool
@ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft) l:l
Elevation Storage Area
(ft) (ac-ft) (acre)
1015.70 100000.00 -
1015.80 100001.65 W 1028
1015.90 100003.31 = ' i
1016.00] 10000495 1 1,024
1016.10 100006.61 (B = b
1016.20| 100008.26 5 1.0207
1016.30 100009.92 e 1.016
101640 10007157 ' —
1016.50 10001322 100,050 100,200
1016.60 100014.88
St -t
101670 100016.53 or fac )
1016.80] 10001818 1,028 7
101690 10001983 1 0244
1017.00 100021.49 = B
101710 100023.14 3 1.0209
1017.20] 100024.79 5 e
1017.30 100026.45 ! -
1017.40 100028.10 2 4 B 8 10
1017.50 10002975 A 4
1017.60] _ 100031.40 o (e
1017.70 10003310
1017.80 100034.79
1017.90 100036.49 -
[ ok |[ cancel Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool
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Reservoir Edit Dam

Resenoir | #5 Development - Descrlpt|0n| E]| (][] 41 0f74|m@
Physical | Operations | Obsernved Dala|

#5 Development-Dam

Elevation at top of dam (ft) | 1047.¢ |

Length attop of dam (ft) | |

Composite Release Capacity

Elevation | Controlled| Uncontr... Total
(ft) (cfs) (cfs) (cfs) pne
900.6| 9,608.2 0.0] 9,608.2| 4| 5 B
900.8| 9,608.3 0.0 S,GOE.S!E' T g 8807
901.0| 9,608.5 0.0 9,608.5 z 9003
901.2| 8,608.7 0.0 9,608.7 TTTTTTT
901.4| 9,608.9 0.0| 9,608.9 0 50,000
901.6| 9,6098.1 0.0 9,608.1 Flaow
901.8| 9,6098.3 0.0 9,609.3 (cfg)
902.0| 9,608.5 0.0 9,609.5
902.2| 9,609.7 0.0 9,609.7
902.4| 9,609.9 0.0) 9,609.9
902.6| 9,610.3 0.0] 9,610.3
902.8| 9,610.8 0.0 9,610.8
903.0] 9,611.2 0.0 9,611.2
903.2| 9,611.6 0.0 9,611.6
903.4| 5,612.0 0.0 9,612.0
903.6| 9,612.4 0.0 9,612.4
903.8| 9,612.8 0.0 9,613.8
904.0| 9,613.2 0.0 9,613.2
o04.2| 9,613.7 0.0] 9,613.7|~
[ OK H Cancel

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Deerfield No. 5 Development

lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Deerfield No.
5’s “ExistingOps” operational zones, which consist of zones of Top of dam (1047.6 ft), Conservation
(1027.6 ft), Min Pool (1017.6 ft), and Inactive zone (970 ft)".

" Y
EI Reservoir Editor

] —

Reservoir Edit Operations Zone Rule IF _Block

Reservoir :#5 Development V:

Physical | Operations | Observed Data

Description

) [W][a] 410174 ][m]

Operation Set :Existing[)ps v: Diescription [:]
Zone-Rules | Re|_,|\||gc,| |
Top of dam :
1--ﬁpr-dax Power Plant First Storage Zone | consenation Description &
*_Jconservation] Function of [p [ Define.. |
: ate
=-{ } Run of River Hydropower
EH- b IF (Full Pool) _
-~ Hydropower-Release Inflow Date Top Elevation (ft) G
== ELSE (Pool Partially Empty) 01.Jan 10278/ - o
: [l Hydropower-Release 95% Inflow 1.040
~[@l Min Flow Logic - #5 Development 1,030
wa Win Pool = 1,020
[l Min Flow Logic - #5 Development = 1,010
o [nactive ;—2‘, 1,000+
ERETE
w
980+
470
460 T T T T T
Jan Mar May Jul Sep Moy
Zone Sort Elevation

l

OK

|

Cancel Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve

Figure 6 shows a sequential release allocation approach specified for available outlets along Buford
Dam. The available outlets are given an order of priority for release. The power plant gets the
release first until it reaches release capacity. The spillway the remainder of the release until it
reaches capacity. After the capacity through the spillway is reached, the remainder of the release
goes through sluice gate, Flap gate, and Flood gate respectively.
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Deerfield No. 5 Development

:i Rezervoir Editor

Reservoir Edit Operations

Reservoir :#5 Development ":

Bhysical| Operations | Observed Data

Description

Operation Set :ExistingDps

v: Description

Zone-Rules | Rel Alloc. | |

Release Allocation Strategy

ﬂ_, #2 Development - Balanced

BRvA 5 Development-Dam (1.0) - Sequential
: Q #5 Development-Power Plant

<> #5 Development-Spillway

<:> #5 Development-Sluice gate

Q} #5 Development-Flap gate

Q} #5 Development-Flood gate

Release Location: #5 Development-Dam

Allocation Type: iSequemial

#5 Development-Power Plant
#5 Development-Spillway

#5 Development-Sluice gate
#5 Development-Flap gate
#5 Development-Flood gate

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation

B. Rule lllustrations

Figure 7 shows a set of operational rules specified for each zone that reflects the operation set named

Existing Ops35.

A1 Reservoir Editor

Reservoir Edit Operations Zone Rule IF_Block

Resemvoir | #5 Development ~ | Descripti

Ehysical | Operations | Observed Data

Operation Set ExistingOps

Zone-Rules | Rel_AJIoc.l |

v Top of dam
[l Max Power Plant First
-
=-{ } Run of River Hydropower
. E=-w IF (Full Pool)
¢ -[@ Hydropower-Release Inflow
== ELSE (Pool Partially Empty)
[l Hydropower-Release 95% Inflow
[l Min Flow Logic-#5 Development
s in Pool
‘[ Min Flow Logic - #5 Development
o [nactive

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

** TransCanada. Deerfield River Operational Constraints. 2012.
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Deerfield No. 5 Development

C. Rule Descriptions

1. Max Power Plant First

Figure 8 shows the content of “Max Power Plant First” rule. This rule forces the inflow to pass
through the power plant first until it reaches the maximum plant capacity.

Operation Set :ExistingDps v: Description [:]
Zone-Rules | Rel. Alloc. | |
#h Top of dam Operates Release From: #5 Development-Power Plant
g §Max Power Plant First ] .
# conservation Rule Name: mMax Power Plant First Description: =l

=-{ } Run of River Hydropower
B = IF (Full Pool)

¢ [l Hydropower-Release Inflow
== ELSE (Pool Partially Empty)

------ [l Hydropower-Release 95% Inflow

------ [B Min Flow Logic - #5 Development
™ Iin Fool

------ [B Min Flow Logic - #5 Development
o [nactive

Function of | #5 Development-Poal Net Inflow, Current Value

Limit Type: |Minimu.. = | Interp: Lin.. -

Flow (cfs) Release (cfs)
-1000.0 00| =
0.0 0.0
1667 .25 1667 .25
123456.0 1667 .25

Release {tfs)

1,600
1,200
300
400
0 —T—T T T T 717

0 60,000 120,000

Floww (cfs)

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Power Plant First

2. Run of River Hydropower

Figure 9 shows the content of “Run of River Hydropower” rule. This rule release total inflow through
power plant when pool elevation is higher than conservation elevation and 95% of inflow when pool
elevation is less than conservation zone as per the run-of-river modeling strategy.

Operation Set :ExistingDps

v: Description

Zone-Rules | Rel_Allnc_l |

™ Top of dam
[l Max Power Plant First
@M conservation
=-{ } Run of River Hydropower
o=
[l Hydropower-Release Inflow
EI-P ELSE (Pool Parially Empty)

ﬁ Min Flow Logic - #5 Development
™ Iin Fool

‘[l Min Flow Logic-#5 Development
o [nactive

------ @ Hydropower-Release 95% Inflow

IF Conditional |Fy| Paal

Description:

Operates Release From: #5 Development-Power Plant

Value1

| #5 Development-Pool:Elevation | == |

Value2

1027.6 Add Cond.

Del. Cond.

Move Up

Move Down

IR

Evaluate
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Deerfield No. 5 Development

Operation Set :ExistingDps v: Description
Zone-Rules | Rel. Alloc. | |
wh Top of dam Operates Release From: #5 Development-Power Plant

------ @ Max Power Plant First

#™ conservation

=-{ } Run of River Hydropower
i == |F (Full Pool)

| Hydropower-Release Inflow

== ELSE (Pool Partially Empty)

Rule Mame: ydropower-Release Inflow Description:

Function of: |#5 Development-Poal Met Inflow, Current Value

Define

Limit Type: |Winimu_ | Interp: [Lin_ =

i

i 12,000
i [l Hydropower-Release 95% Inflow — .
1@ Min Flow Logic- #5 Development FELESD Sz BT B £ 80001
I Min Pool 0.0 00/ @ 4 0001
[l Min Flow Logic - #5 Development 10000.0 10000.0 A
wh [nactive i 0T T T T T T
0 3,000 6000 9000
Flow (cfs)
[] Period Average Limit Edit...
[] Hour of Day Multiplier Edit...
[7] Day of Week Multiplier Edit...
[7] Rising/Falling Condition Edit...
[7] seasonal Variation Edit...
Operation Set :Existing[)ps v: Description

Zone-Rules | Rel. Alloc. | I

# Top of dam

#™ conservation
=-{ } Run of River Hydropower
= IF (Full Pool)

------ [l Hydropower-Release Inflow

S8 4FL SE (Pool Partially Empty) |
! ‘[l Hydropower-Release 95% Inflow
[l Min Flow Logic - #5 Development

™ Iin Fool

------ [ Min Flow Logic - #5 Development
o [nactive

Operates Release From: #5 Development-Power Plant

ELSE Conditional |pggl Partially Empty

Description:

O
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Deerfield No. 5 Development

Operation Set :Existingops

-

Description

Zone-Rules | Rel_Alloc_I |

# Top of dam
[l Max Power Plant First
#™ conservation
=-{ } Run of River Hydropower
El* IF (Full Pool)
[l Hydropower-Release Inflow
== ELSE (Pool Partially Empty)

- [B Min Flow Logic - #5 Development
™ \Min Pool

------ [l Min Flow Logic - #5 Development
o [nactive

S~ R Hydropower-Release 95% Inflow

Function of. |25 Development-Pool Net Inflow, Current Value

Operates Release From: #5 Development-Power Plant

Rule Name: |,gwer-Release 95% Inflow | Description:

ﬂ
YD

Limit Type: |Minimu_. «| Interp: [Lin =

Flow (cfs)

Release (cfs)

0.0

0.0

10000.0

950

0.0

-

8,000
6,000
3,000

Release (cfs)

(1 s s s e
0 3,000 8,000 9000

Fline {efs)

[7] Period Average Limit
[ Hour of Day Multiplier
[7] Day of Week Multiplier
[7] Rising/Falling Condition

Edit...
Edit...
Edit...
Edit...

[7] seasonal Variation Edit...

FEFIF

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Run of River hydropower

3. Min Flow Logic #5 Development
This rule represents a minimum release based on inflow as represented in Figure 10.

Operation Set | ExistingOps ~ | Description o
Zone-Rules | ReI.Nloc.l |
wh Top of dam Operates Release From: #5 Development
[l Max Power Plant First ) s
A conservation Rule Name: | | agic - #5 Development | Description: &

EI---{_} Run of River Hydropower
. == |F (Full Pool)
. [ Hydropower-Release Inflow

. =-= ELSE (Pool Partially Empty)

[l Hydropower-Release 85% Inflow
8 _Juiin Flow Logic- #5 Development]
™ in Pool

[l Min Flow Logic - #5 Development
o [nactive

Function of: |25 Development-Pool MNet Inflow, Current Value

Limit Type: | Minimum

~ | Interp.: |Linear

-

Flow (cfs) Release (cfs)
0.0 57.0
57.0 57.0
730 730
123456.0 730

-

Release (ris)

T T T T T T
a 40,000 80,000 120,000

Flows (ofs)
7] Day of Week Multiplier
[ Rising/Falling Condition
[7] Seasonal Variation

[7] Period Average Limit
["] Hour of Day Multiplier

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow Logic #5 Developmen
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First Connecticut Lake

First Connecticut Lake

l. Overview

First Connecticut Lake dam is located 8 miles upstream of Pittsburg, NH on the mainstem Connecticut
River. It is owned and operated by TransCanada Hydro Northeast Inc. as a storage reservoir to make
releases to its downstream hydro facilities.

Figure 1 shows the location of Second Connecticut Dam as it is represented in the HEC-ResSim model,
and Figure 2 shows a photo from Second Connecticut Dam.

NUMOnNoosyc

s EAls
E#BHP _Coldbhiook Diversion

biest Ware
i

Figure 1: HEC-ResSim Map Display Showing Location of First Connecticut Dam
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First Connecticut Lake

Figure 2: Photo of First Connecticut Lake

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3**. The dam consists of

four types of outlets: (1) controlled outlet, (2) uncontrolled spillway, (3) controlled Log way, and (4)
controlled Fish Pipe as shown in Figure 4.

*® Data provided by TransCanada

177



First Connecticut Lake

i c
m Reservoir Editor

Reservoir Edit Pool

S

Resenvoir | First Connecticut Lake Descripti0n|

0] () e arre )

Bhysical | Operations | Obsened Data|

A First Connecticut Lake
a

57 Dam

@ Controlled Outlet
&> spillway

@ Logway

@ Fish Pipe

First Connecticut Lake-Pool

@ Linear Interpolation (& Conic Interpolation  Initial Conic Depth (ft) l:l

Elevation Storage Area
(ft) (ac-ft) (acre)
1610.00 0.00
1610.10 186.40 =]
1610.20 374.90
1610.30 563.30
1610.40 753.70
1610.50 944.10
1610.60 1134.50
1610.70 1325.00
1610.80 1515.40
1610.90 1707.80
1611.00 1900.20
1611.10 2092.60
1611.20 2286.90
1611.30 2481.30
1611.40 267570
1611.50 287210
1611.60 3068.40
1611.70 3264.80
1611.80 3461.20
1611.90 3659.50
1612.00 3857.90
161210 4056.20 >

Elev (ff)

Elev (fty

1,640
15307
1520
15101

L L
0 40,000

Star (ac-M)

T
0,000

1,640
15301
15201
15107

T 1T TrrTrT
0 1,500 3,000 4,500

Area {acre)

OK

Apply

H Cancel ]|

Figure 3: Reservoir Editor: Physical Tab -- Pool

i c
n Reservoir Editor

S

Reservoir Edit Dam
Resenoir | First Connecticut Lake Descripti0n| E]| (W][«] 140f74|m@
Physical ‘ Operations | Observed Data|
A\ First Connecticut Lake First Connecticut Lake-Dam
Elevation at top of dam (ﬂ)| 1641_0|
Length attop of dam (ft) | 1117_0|
Composite Release Capacity
Elevation Controlled | Uncontrolled Total
(ft) (cfs) (cfs) (cfs) J
- 16357
1,601.5 0.0 0.0 0.0/ +| § J
1,604.0 253.6 0.0 253.6/ || & & 1.6203
1,604.1 278.8 0.0 278.8 2 Eosd
1,622.0 2,094.7 0.0 2,094.7 T
1,636.0] 5,407.0 0.0 5,407.0 0 10000
1,636.5 5,530.0 400.0 5,930.0 Flwr
1,637.0 5, 673.0 1,100.0 6,773.0 (ofg)
1,637.5 5,799.5 2,000.0 7,799.5(%
1,638.0 5,926.0 3,100.0 9,026.0
1,638.5 6,076.0 4,500.0] 10,576.0
1,639.0 6,226.0 5,800.0]  12,026.0
1,639.5 £,359.5 7,400.0]  13,759.5
1,640.0 6,493.0 8,900.0] 15,393.0
OK ] I Cancel ] | Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam

178



First Connecticut Lake

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of First
Connecticut Dam’s “Existing Ops” operational zones, which consist of zones of Top of Dam (1641 ft),
Below Top of Dam (1640 ft), Conservation (1617.262-1637.493 ft), and Inactive zone (1600 ft). The
Conservation Pool Elevation curve was created from 10 years of weekly average pool elevation®.

ral = A
¢ B - r 4 - et Naal |

Reservoir Edit Operations Zone Rule IF_Block

Resenoir First Connecticut Lake ~ | Description | [W][a] 14 of 74 ][]

Physical| Operations | Observed Data

Operation Set :Existing Ops v: Description C]
Zone-Rules | | | |

Top of Dam )
10D Storage Zone |Conservation Description ] |

s Below Top of Dam

------ @ Min Flow Function of | pate
-

“--[@ Min Flow
& Inactive Date Top Elevation (ft)
01Jan 1628.97 1,645
10Jan 1627 544 150
20Jan 1625744 1,635 //x\\—\
31Jan 1623779 = o 1830
10Feb 1621.872 = 18257 /
20Feb 1620051 | 2 16207
28Feb 1618.967 = 18157
10Mar 1617.934 w 168107
20Mar 1617.262 1,605
31Mar 1617.593 1.600 I
10Apr 1619.457 1,595 I S E——
20Apr 1624 046 Jan Mar May Jul Sep Moy
30Apr 1628 466
10May 1633.231
20May 1635.862
31May 1636.968| _
A0 b 45872 254 [ |
Zone Sort Elevation
[ Ok ] [ Cancel Apply

- = S

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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First Connecticut Lake

B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops37.

:i Reservoir Editor

Reservoir Edit Operations Zone R

Reservoir :First Connecticut Lake

Physical | Operations | Observed |

Ciperation Set :Existing Ops

fone-Rules | |

|.|- Top ofDam

#® Below Top of Dam
“[Hl Min Flow

-
-/l Min Flow

|.|- Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

* TransCanada. Connecticut River Operational Constraints. 2012.
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First Connecticut Lake

C. Rule Descriptions

1. Min Flow
Figure 7 shows the content of “Min Flow” rule. This rule represents the minimum release from
dam as a function of date.

Operation Set | Existing Ops ~ | Description o
Zone-Rules | | |
wh Top of Dam Operates Release From: First Connecticut Lake-Dam
wh Below Top of Dam = T
B Rule Name: |yin Flow Description: [
™ Conservation '
18 Min Flow Function of: |pate
wh [nactive Limit Type: | Minimum | Interp.: [step v
Date Releasze (cfs) = 807
01Jan 83.0] ~| = 707
01Jun 45.0 § B0
010t 830 | 2 50
E 40 .

T T T T
Jan Mar May Jul Sep MNov

7] Period Average Limit
[] Hour of Day Multiplier
[ Day of Week Multiplier
[7] Rising/Falling Condition

Seasonal Variation Edit...

-

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow
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Forest Lake

Forest Lake

l. Overview

Forest Lake is a dam located in Whitefield, NH on the Johns River. It is owned and operated by the New
Hampshire Water Division and is primarily used for water supply and recreation.

Figure 1 shows the location of Forest Lake Dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Forest Lake reservoir.

A\ An

L
’ TcuttWells

Farset Lake_In

204

Farset Lake

<P
O-Dro‘o Conant Brook_In
Z it Lake

(@ onnecticut at Wouth £

Figure 1: HEC-ResSim Map Display Showing Location of Forest Lake Dam

182



Forest Lake

T

=T =T
Figure 2: Photo of Forest Lake reservoir.

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3**. The dam consists of
two types of outlets: (1) an uncontrolled concrete spillway, and (2) an uncontrolled stoplog bay as

shown in Figure 4.

*® National Dam Safety Program. Forest Lake Dam Operation & Maintenance Plan. 2007.
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Forest Lake

Reservoir Edit Pool

Resenvoir | Forset Lake ~ | Description

SRTREA

Bhysical | Operations | Observed Data‘

A\ Forset Lake Forset Lake-Pool

’ Pool

7 Dam @ Linear Interpolation ) Cenic Interpolation
<> concrete spillway

""" < stoplog bay Elevation Storage Area
(ft) (ac-f) {acre)
1101.50 100000.00 -
1101.52 100001.29 El
1101.54 100002.58

1101.56 100003.87
1101.58 10000517
1101.60 100006.46
1101.62 100007.75
1101.64 100009.04
1101.66 100010.33
1101.68 100011.62
1101.70 100012.91
1101.72 100014.21
1101.74 100015.50
1101.76 100016.79
1101.78 100018.08
1101.80 100019.37
1101.82 100020.66
1101.84 100021.95

Initial Conic Depth (ft) l:l

1,102
1,106

1,104+

Elev (ft)

1,102 1

LI T B |
400,200 100,500

Stor {ac-ft)

1,102

1,106

1,104+

Elev (ft)

1,102

LI I B B |
012346678

1101.86 100023.25 Area(acre)
1101.88 100024 .54
1101.90 100025.83
1101.92 100027 12 Al
PPT-PN-VI P T.T L. WP
[ OK ] [ Cancel l | Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

Reservoir Edit Dam

Resenvoir | Forset Lake ~ | Description

] ) a7 orre )

Physical | gperations | Obsewved Data
A\ ForsetLake Forset Lake-Dam

Fool

_ Elevation attop of dam (f)

Q concrete spillway

< stoplog bay Length at top of dam (ft)

Composite Release Capacity
Elevation | Controll... | Uncontr...
(ft) (cfs) (cfs) 1,108.07
1,105.0 0.0 0.0 S 1107.07
1,105.0 0.0 1.4 T g 1,108.07
1,105.0 0.0 4.0 5 1,105.0
1,105.1 0.0 7.3 T T T
1,105.1 0.0 11.2 0 1500
1,105.1 0.0 15.6 Flow
1,105.1 0.0 20.6 {cfs)
1,105.1 0.0 25.9
1,105.2 0.0 31.7
1,105.2 0.0 37.8
1,105.2 0.0 44.2
1,105.2 0.0 51.3
1,105.2 0.0 8.8
1,105.3 0.0 66.7
1,105.3 0.0 74.9
1,105.3 0.0 83.5
1,105.3 0.0 52.5
1,105.3 0.0/ 101.5
I oK ] [ Cancel ] | Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Forest Lake

lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release

through analysis of the rules contained within each zone. Figure 5 shows the definition of Forest Lake

Dam’s “Guide Curve” operational zones, which consist of zones of Top of Dam (1107.1 ft), Conservation
(1105 ft), and Inactive zone (1102 ft)".

— _
EI Rezervoir Editor

1 =)

Reservoir jForset Lake

Reservoir Edit Operations Zone Rule IF Block

- | Description

-Ehysical Operations | Observed Data

(| [W][a] 17 or 74 ][]

Operation Set :Guide Curve

-

Description

Zone-Rules | |

o)

#m Top of Dam

_Jconservation

o [nactive

Storage Zone |Conservation

Function of |pate

Description [:]

Date

Top Elevation (ft)

01.Jan

1105.0

Elevation ()

Zone Sort Elevation

1,108
1,107

1,106 7

1,105
1,104
1,103

1,102

1,101 T T T T T
Jan Mar May  Jul Sep Mow

OK ] [ Cancel Apply

Figure 5 Reservoir Editor: Operations Tab — Guide Curve OpSet

B. Rule lllustrations

The operation set for Forest Lake Dam has no rules of operation making it a flow through reservoir. The

pool elevation will remain at the top of conservation unless the inflow exceeds the total release

capacity.
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Gardner Falls

Gardner Falls

l. Overview

Gardner Falls dam is located in Shelburne Falls, MA on the Deerfield River. It is owned and operated by

Consolidated Edison and is operated as a run-of-river hydropower generating facility.

Figure 1 shows the location of Gardner Falls dam as it is represented in the HEC-ResSim model. Figure 2

shows a photo of Gardner Falls dam.
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N

Gardnet Falls

Fiest Ware
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Figure 1: HEC-ResSim Map Display Showing Location of Gardner Falls Dam
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Gardner Falls

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3*°. The dam consists of
two types of outlets: (1) uncontrolled outlet and (3) power plant as shown in Figure 4*°. The capacity
of the power plant was made to be the maximum release specified in the NID database so that the dam
would modeled completely as run-of-river with some actual physical information.

** National Inventory of Dams database (NID)
%0 http://www.lowimpacthydro.org/lihi-certificate-80-ferc-no.-gardner-falls-project-maine.html
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Gardner Falls

Reservoir Edit Pool

i vy e SN, ==

Resenvoir | Gardner Falls - Descripﬁon|

0] ) s orre [ )

Physical ‘ Operations | Observed Data|

£\ Gardner Falls
|. Pool

-4 Power Plant
; @ Tailwater

Gardner Falls-Pool

@ Linear Interpolation () Conic Interpolation  Initial Conic Depth (ft) I:I

Elevation Storage Area
(ft) (ac-ft) {acre)
0.00 100000.00
28.20 100162.80
30.00 100190.00

TTT T TTTTT
,000 100,100 100,

Stor {ac-t)

T T T T T TT
2 4 6 8 10
Area {undefy

OK

H Cancel ]| Apply

Figure 3: Reservoir Editor: Physical Tab — Pool

Reservoir Edit Dam

et L

Resenvoir [ Gardner Falls - Descnpﬁon|

0] (W] 4sorre )

Bhysical | Operations | Observed Data|

A Gardner Falls

Pool

ardDan |

& Power Plant

o Tailwater

4% Uncontrolled Outlet

Gardner Falls-Dam

Elevation at top of dam (ft) |

SU.U|

Length at top of dam (ft) |

33?.D|

Composite Release Capacity

Elevation Controlled
(ft) (cfs)

Uncontrolled Total
{cfs) (cfs)

0.0 99,5999.0

99,999.0

30.0 59,599.0

99,5999.0| |

99,999.0

100,477.5

99,999.0

101,352.4

99,999.0

102,485.4

99,9%9.0

103,827.0

99,999.0

105,348.8) -

99,999.0

107,031.5

99,999.0

10&,860.9

99,999.0

110,826.2

99,999.0

12,919.5| 112,918.5

99,999.0

15,131.5| 115,130.5

Elevation

OK

” Cancel H Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Gardner Falls

lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Gardner Falls’s
“Guide Curve” operational zones, which consist of Top of Dam (30 ft), Conservation (28.2 ft), and
Inactive zone (20 ft)*. There was no specified inactive zone so 10 feet below top of dam was arbitrarily
chosen.

g

fip—
K Reservoir Editor a"'_'-'

S

Reservoir Edit Operations Zone Rule IF_Block

Resenoir | gardner Falls + | Description

'| | Bhysical| Operations | Observed Data

()| [M][a] 45 or 74 [][m]

Operation Set | Guide Gurve ~  Description @]
Zone-Rules | | | |
s Top of Dam - .
Conservation
-~ Storage Zone Description E]
o [nactive Function of |pate
Date Top Elevation (ft)
01Jan 282| - 32
30
284
g
= 261
=
w24
&
w 224
20
18 T T T T T
Jan Mar May Jul Sep Mo
Zone Sort Elevation
’ Ok ] [ Cancel ] Apply

Figure 5: Reservoir Editor: Operations Tab —Guide Curve OpSet — Guide Curve

B. Rule lllustrations

The operation set for Garner Falls has no rules of operation making it a flow through reservoir. The pool
elevation will remain at the top of conservation unless the inflow exceeds the total release capacity. This

was

modeled this way because no real
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Gilman

Gilman

l. Overview

Gilman dam is located directly downstream of the town of Dalton, NH on the mainstem Connecticut
River. It is owned and operated by Ampersand Gilman Hydro LP for run-of-river hydropower generation.

Figure 1 shows the location of Gilman Dam as it is represented in the HEC-ResSim model, and Figure 2
shows a photo of Gilman Dam.
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I‘ﬁof-'\'i-
-.'I- . (E/jcj?"c(:\o Grafton Fond_ln

Gilman

Gilman_In

iy

_ .'_C’ & P_Caldbrook Diversion
e ;

onmecticut at outh

Figure 1: HEC-ResSim Map Display Showing Location of Gilman
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Gilman

Figure 2: Photo of Gilman Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3*!. The dam consists of
two types of outlets: (1) controlled outlet, and (2) power plant as shown in Figure 4.

* NHSDam Data Sheet. Gilman. 2009.

191



Gilman

p
K7l Reservoir Editor

— e e ) ——

Reservoir Edit Pool

Resenvoir [Gilman

v] Description |

0| (w](a] 12 or74 [ ](n]

Physical |Qperaﬁons Observed Data|

A Gilman
&
E=-57 Dam
=4 Power Plant
‘4 Tailwater

Gilman-FPool

@ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft) |:|

Elevation Storage Area
() (ac-ft) (acre)
813.00 1000000.00 -
833.30 1000200.00 ]
840.00 1012000.00 8307
890.00 1097000.00 £ 860
& gag-
i ]
8204
TTTrTTrrrrT
1,000,000 1,100,000
Star {ac-f)
8007
880
& 860
s ]
o 840
i ]
8204
TrT T 1T 11 T1T

0 1,5003,000 4,500
Area {acre)

L

oK

” Cancel ]| Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

-
n Reservoir Editor

_— = e > ) —— —

Reservoir Edit Dam

S

Resernvoir [Gilman

v] Description |

L] [W][a] 12 0174 ][]

Physical |Qperaﬁons Observed Data|

L

A Gilman Gilman-Dam
’ Fool
avdDam) Elevation attop of dam (ﬂ)| 341_4|
-4 Power Plant
@ Tailwater Length at top of dam (ft) | 324.5|
----- 4 Controlled Outlet
Composite Release Capacity
Elevation Controlled | Uncontrolled Total

(ft) (cfs) (cfs) (cfs) 340
820.0 11,400.0 0.0 11,400.0| »| § T
828.3|  11,400.0 0.0 11,400.0) ] & &%°]
228.5 11, 610.0 0.0 11, 610.0 = .
830.0 13,200.0 0.0 13,200.0 T T 1
833.3 16,252.5 0.0] 16,252.5 0 15000
834.0 16,900.0 0.0 16,900.0 Flany
837.0 19,400.0 0.0 19,400.0{ _ (cts)
239.5 21, 600.0 0.0 21,600.0( 7
840.0 22,073.7 0.0 22,073.7
841.4 23,400.0 0.0 23,400.0

e
OK ] ’ Cancel ] |

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Gilman

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Gilman’'s
“Existing Ops” operational zones, which consist of zones of Top of dam (850 ft), conservation (833.3 ft),
and Inactive zone (814 ft)*.

' ‘ ¥ ] .
K1 Reservoir Editor ‘ - M ﬁ

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir | gjiman ~ | Description o E@ 18 of 74 @@
-Eh}'sical Operations | Observed Data
Operation Set iExisting Ops v: Description [:] L

Zone-Rules | Rel. Alloc. | I

s Top of Dam
#A Below Top of Dam

[l Release=95%Inflow Enc ol -
P Conservaton] b mEeon )

N [nactive Date Top Elevation (ft)

01Jan 8333 « 855
850

845
240
835
830
825
820
815
810 T T T T T

Jan Mar May Jul Sep Mov

Storage Zone Conservation Description i

Elevation (M

Zone Sort Elevation

| ok || cancel Apply

= 3 E — = 4

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve

2 Water Quality Certification. 1989.
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops.

Ei Rezervoir Editor

Reservoir Edit Operations Zone R

Resenvoir | giiman

Ehysical | Operations | Observed

Operation Set :Existing Ops

Zone-Rules | Rel Alloc.

w Top of Dam
wa Below Top of Dam
[l Release=95%Inflow
" Jconservation]
[l Release=95%Inflow
i [nactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

C. Rule Descriptions

1. Release=95%Inflow
Figure 7 shows the content of “Release=95%Inflow” rule. This rule release the minimum of 95%

of Inflow from dam as per the run-of-river modeling strategy.

Operation Set :Existing Ops v: Description E]
Zone-Rules | Rel. Alloc. | | |
& Top of Dam Operates Release From: Gilman
™ Below Top of Dam . S
YR cleas2=95%Inflow Rule Name: Release=95%Inflow Description: )
wh Conservation . §
.-[H Release=95%Inflow Function of: | Gilman-Pool Net Inflow, Current Value
IS Limit Type: | Minimum ~| Interp: [Linear =)
— 80,0007
Flow (cfs) Release (cfs) @ J
0.0 0.0|.| » 0B0.0003
100000.0 95000.0 § 30,0004
g 1
i {1 e o e s o
1} 40,000 100,000
Flow {cfs)
[] Period Average Limit
[] Hour of Day Multiplier
[] Day of Week Multiplier
[7] Rising/Falling Condition
7] Seasonal Variation
Figure 7 Reservoir Editor: Operations Tab - Existing OpSet - Release=95%Inflow
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Goose Pond

Goose Pond

l. Overview

Goose Pond dam is a dam located in the town of Canaan and feeds into the Mascoma River. It is owned
and operated by the State of New Hampshire and is used to store spring runoff to maintain normal flow
on the Mascoma River for hydropower generation by other facilities. It is also used for recreation.

Figure 1 shows the location of Goose Pond Dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Goose Pond dam.
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Goose Pond

=

Figure 2: Photo of Goose Pond dam.

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3**. The dam consists of

four types of outlets: (1) controlled slide gates, (2) controlled flashboard gate, (3) uncontrolled broad-
crested weir, and (4) controlled slide gates as shown in Figure 4.

** National Dam Safety Program. Goose Pond Dam Operation & Maintenance Plan. 2008.
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. -
E71 Reservoir Editor ‘
o

55c)

Reservoir Edit Pool

Resenvoir .GooseF'ond ~ | Description

Physical ‘ Operations | Observed Data

| (W] 25 of 74| ][m)

£\ Goose Pond Goose Pond-Pool

1500
=-57 Dam
-@ Slide gates 35+12

inear Interpolation ) Conic Interpolation

Initial Conic Depth (ft)

l ’ Removedﬂashbo.ards Elevation Storage Area
-3 broad-crested weir
% Slide gates 4*4 () EE (acre)
800.00 0.00
800.07 14.28
80273 556.80 cemd
803.08 §G28.19 ]
806.02 1227.82 g %
309.587 2013.08 & 8104
814.28 2912.50 0 SDD:
81897 3869.06 T
827 65! G672 86 1] 4,000 8,000
830.45] T8AE6.24
83458 0626.48 i ()
I 830
S BQD:
& 8101
o i
800+
T T T T T TT
2 4 6 8 10
Area {undef)
[ OK ] [ Cancel Apply
L
Figure 3: Reservoir Editor: Physical Tab -- Pool
e = b
i R ir Edit [
n eservoir |ar.‘
Reservoir Edit Dam
Resenoir | goose Pond - | Description o @@M@@
Physical | Operations | Observed Datal
A Goose Pond Goose Pond-Dam
&) Pool
Elevation at top of dam (ft
% Slide gates 3.5412 = W 834.8
l 4 Removed flashboards Length at top of dam (f) 1240.0
< broad-crested weir
¥ Slide gates 4*4 Composite Release Capacity
Elevation | Controlled | Uncontroll..|  Total
(ft) (cfs) (cfs) (cfs) 7
811.8 0.0 0.0 0.0/~| 5 Ei
811.8 0.6 0.0 0.6 | § 620
811.9 1.8 0.0 1.8 o b
212.0 3.2 0.0 3.2 M0+
£12.0 5.0 0.0 5.0 0 S0 Gy
812.1 7.0 0.0 7.0 Flow
812.2 9.2 0.0 9.2 {cfe)
812.2 11.6 0.0 11.6
| 812.3 14.1 0.0 14.1
812.4 16.9 0.0 16.9
812.5 19.7 0.0 19.7
812.5 22.8 0.0 22.8
812.6 26.0 0.0 26.0
812.7 29.2 0.0 29.2
812.7 32.7 0.0 32.7
812.8 36.3 0.0 36.3
812.9 40.0 0.0 40.0
813.0 43.7 0.0 43.7
813.0 47.7 0.0 47.7] ~
OK l [ Cancel Apply

L

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Goose Pond

lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Goose Pond
Dam’s “ExistingOps” operational zones, which consist of zones of Top of dam (834.6 ft), Flood Control

(833 ft), Conservation (824.4-829 ft), and Inactive zone (803.6 ft)".

L=

-
m Reszervoir Editor

===

Reservoir Edit Operations Zone Rule IF_Block

Resemnoir | Goose Pond

- | Description

Bhysical| Operations | Observed Data

() [W][] 250r 74| ][ m]

w Flood Control
[l Fall Drawdown Release

Function of |pate

Operation Set :Existing Ops v: Description [:]
Zone-Rules | I | |

Top of dam -
A 1op Storage Zone |Conservation Description ]

-l Spring Refill
+-{ } Flash Boards :
- Date Top Elevation (ft)
~[l Fall Drawdown Release 01Jan 8244 338
[ Spring Refill 01Mar g24.4 2304
-f } Fl.ash Boards 01May 529.0 825 e N,
o [nactive 303ep 829.0 =
01MNav g2d4.4 = 8204
(=]
T 816
&
w 8104
805
200 T T T T T
Jan Mar may Jul Sep Mov
Zone Sort Elevation
OK l [ Cancel Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named

Existing Ops.

:i Reservoir Editor

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir :Gnuse Pand 'v: Description

Bhysical| Operations | Observed Data

Qperation Set :Existing Qps -

Zone-Rules | | I

@m Top of dam
i Flood Contral
~-[@ Fall Drawdown Release

=-{ } Flash Boards
| == |F (827 3==elevataion==831.13)
- [H release overthe flashboards
£ w ELSE IF (elevation=831.13)
[l relaese while flashboards are removed

L JConsenvation

~-[@ Fall Drawdown Release

[ Spring Refill
=-{ } Flash Boards
| E}-P IF (827 3==elevataion==831.13)
' - ~-[H release overthe flashboards
== ELSE IF (elevation=831.13)
‘[l relaese while flashboards are removed

I.- Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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Goose Pond

C. Rule Descriptions

1. Fall Drawdown Release
Figure 7 shows the content of “Fall Drawdown Release” rule. This rule defines the maximum
release from reservoir as a function of pool elevation.

Operation Set :Existing Ops v: Description E]
Zone-Rules | | |

#™ Top of dam Operates Release From: Goose Pond

@ Flood Control

® [P EETey || Rule Name: [Fall Drawdown Release | Description: .
@ Spring Refil

&-{ } Flash Boards Function of |Goose Pond-Pool Elevation, Previous Value

@ Conservation o T - . T ,
: Limit Type: Interp.:
-0 Fall Drawdown Release YPE- | Maimum P- | Sieha—|

I® Spring Refill DALY
£} Flash Boards Elev Release (cfs) » 600007
A inactive (ft 01Jan 010ct 01Mov b o e e e |
803.6| 123456.0| 123456.0| 123456.0| «| © 500 805 810 815 520 525 830 535
824.4| 123456.0| 123456.0| 123456.0 Eley ¢t
§24.5| 123456.0 250.0| 123456.0
829.5( 123456.0| 123456.0) 123456.0 [T] Period Average Limit Edi

834.6( 123456.0| 123456.0) 123456.0

[] Hour of Day Multiplier

[7] Day of Week Multiplier
[7] Rising/Falling Condition
o Seasonal Variation

Edi

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Fall Drawdown Release

2. Spring Refill
Figure 8 shows the content of “Spring Refill” rule. This rule represents the seasonal maximum
release from reservoir as a function of Inflow.

Operation Set :Existing Ops v: Description E]
Zone-Rules | I I
wh Top of dam Operates Release From: Goose Pond
i Flood Centrol _ .
[l Fall Drawdown Release Rule Name: | spring Refill DEEERNT L
& YSpring Refill !
w-{ } Flash Boards Function of | Goose Pond-Pool Net Inflow, Current Value
Conservation L r ' r .
‘ﬁ Fall Drawdown Release Limit Type: | Maximum v | Interp.: Linear a8
p—
-1 Spring Refill £
@-{ } Flash Boards Flow Release (cfs) & ‘2“;:
i Inactive =) | gsan | o1mar | od1apr | 01may § ==
0.0 1.0 0.0 0.0 1.0 -~ o 40,000 80,000 120,000
15.99 1.0 11193 11.193 1.0 Flaw (cfs)
16.0 1.0 16.0 11.2 1.0
£2.09 10 16.0| 44003 10 [7] Period Average Limit
63.0 1.0 16.0 63.0 1.0 -
123456.0 1.0 6.0 530 1.0 [/ Hour of Day Multiplier
[] Day of Week Multiplier
[ Rising/Falling Condition
- Seasonal Variation

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Spring Refill
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3. Flash Boards

Figure 9 shows the content of “Flash Boards” rule. This rule represents the seasonal maximum
flow from reservoir based on Inflow.

Operation Set | Existing Ops v

Description

Zone-Rules | | |

# Top of dam

o Flood Control

B Fall Drawdown Release

E Spring Refill

d8¥Fiash Boards

== |F (827.3=<elevataion==831.13)
. [l release over the flashboards
- = ELSE IF (elevation=831.13)

-[H relaese while flashboards are removed

w™ Conservation

-l Fall Drawdown Release

E Spring Refill

{ } Flash Boards

M [nactive

Operates Release From: Goose Pond

Mame: |Flash Boards Description:

Name Description

IF 827 3==elevataion==831.13

Type

ELSEIF elevation=831.13

Operation Set  Existing Ops -

Description

Zone-Rules | I I

o Top of dam
& Flood Control
[l Fall Drawdown Release

Operates Release From: Goose Pond-Removed flashboards

IF Conditional |37 3=<elevataion==831.13 | Description:

[l Spring Refill
=-{ } Flash Boards
B -P IF (827 3=<elevataion=<831.13)

P [H release over the flashboards
== ELSE IF (elevation=831.13)

Value1 Value2
| Goose Pond-PoolElevation | == | 827.3
AND | Goose Pond-PoolElevation | == | 831.13

Add Cond.
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Operation Set :Existing Ops v: Description
Zone-Rules | I |
#™ Top of dam Operates Release From: Goose Pond

s Flood Control
il Fall Drawdown Release
B Spring Refill
=-{ } Flash Boards
[=-mp |F (827 3=<elevataion=<831.13)

[ Rrelease over the flashboards

Rule Name: |ease over the flashboards | Description:

Function of. | Goose Pond-Pool Elevation, Current Value

Limit Type: | Specified

v | Interp [Linear  +|

Define...

.

= ELSE IF (elevation=831.13) — Rel ” U807
“-[@ relaese while flashboards are remaved ev (@) slease (cfs) & 9007
o Conservation 827.37 222 - & 007
[ Fall Drawdown Release 5827.44 6.27 & 400]
E Spring Refill 827 .51 11.52 % EDD:
&-{ } Flash Boards gggg ;1;; = o]
: i . T T T T T T T T
w8 [nactive 22772 057 828 8205 @31
827.79 41.04| Elev ()
827 86 50.15
82793 59.83 [7] Period Average Limit Edit...
828.0 T0.08 o -
828,07 80,85 [] Hour of Day Multiplier Edit...
82814 2211 [[] Day of Week Multiplier Edit...
82821 103.86
82828 116.07 [7] RisingfFalling Condition Edit...
82835 12872 . ,
Seasonal Variation Edit...
828 42 141.81 a :
828 49 1553
82856 169.2
82863 183.49( ~
Operation Set :Existing Ops v: Description [
Zone-Rules | | |
& Top of dam Operates Release From: Goose Pond
™ Flood Control
[l Fall Drawdown Release ELSE IF Conditional | g|evation=831.13 Description: =
[l Spring Refill
=-{ } Flash Boards Value1 Value2
== IF (827.3=<elevataion=<831.13) | Goose Pond-PoolElevation | = | 831.13
: [l release over the flashboards
SR JELSE IF (elevation>=831.13) Add Cond.

------ [ relaese while flashboards are removed

202



Goose

Pond

Operation Set | Existing Ops + | Description
Zone-Rules | I I
#™ Top of dam Operates Release From: Goose Pond-Removed flashboards

s Flood Control

=-{ } Flash Boards
== |F (827.3==¢levataion=<831.13)
. [H release overthe flashboards
E}* ELSE IF (elevation=831.13)
-
w Conservation
-l Fall Drawdown Release
@ Spring Refill
#-{ } Flash Boards
o [nactive

Rule Name: |\ fiashboards are removed | Description:

Function of | Goose Pond-Pool Elevation, Current Value

Limit Type: | specified

v | Interp: |Linear

-

Elev () Release (cfs)
824.36 1.37
824.43 436

8245 8.31|
824.57 1317
824.64 18.79
82471 25.08
82478 3177
824.85 38.96
824.02 46.62
824.09 54.66
825.06 3.1
825.13 72.21

8252 82.19
825.27 92.59
825.34 103.57
825.41 114.3
825.48 126.43
825.55 133.0
825.62 152.2

=

Define...

1.

4,000
3,000
2,000
1,000

Release (cfs)

1] T T T
824 326 828 830 8

Elev (i)
[] Period Average Limit
[] Hour of Day Multiplier
[] Day of Week Multiplier
7] Rising/Falling Condition

[7] Seasonal Variation

32834 836

Edit...
Edit...
Edit...
Edit...

el el

Edit...

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Flash Boards
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Grafton Pond

l. Overview

The Grafton Pond Dam lies on a tributary of the Mascoma River close to Enfield Center, NH. The dam is
owned and operated by the New Hampshire Water Resources Board. It is primarily used to maintain the
level of Grafton Pond for recreation but also has some flood control benefits.

Figure 1 shows the location of Grafton Pond as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Grafton Pond dam.
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Figure 1: HEC-ResSim Map Display Showing Location of Grafton Pond
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Figure 2: Photo of Grafton Pond dam

Il Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3*. The dam consists of

three types of outlets: (1) controlled slide gates, (2) uncontrolled spillway-over TOD, and (3)
uncontrolled lower spillway as shown in Figure 4%.

* NHDam Data Sheet. Grafton Pond. 2009.
** National Dam Safety Program. Grafton Pond Operation and Maintenance Plan. 1978.
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== T $ | =

Reservoir Edit Pool
Sesnck [comonons =] Ossrn 0 @@ maref5)
Physical | Operations I Observed Data‘
A Grafton Pond Grafton Pond-Pool
:
557 Dam inear Interpolation () Conic Interpolation  Initial Conic Depth ()
4 sSlide Gates N l:l
: & Spillway-over TOD Elevation Storage Area
€y lower spillway s i =)
121051 100.00 0.00 »
1210.59 100.53 12.00(=
1210.67 101.07 24.00
1210.75 101.60 36.00
1210.83 10213 48.00 12807
1210.91 102.67 60.00 _1.240
e ]
1210.99 103.20 72.00 € sand
1211.07 10373 84.00 = ]
121115 104.27 96.00 ey
1211.23 104.80 108.00 1.210 T T T T
121131 105.33 120.00 T Z@ ED 40
121139 105.87 132.00 Stor (ac-ft)
1211.47 106.40 144.00
| 121155 106.93 156.00 12807
1211.63 107.47 168.00 1,240
1211.71 108.00 180.00 € 0]
121179 108.53 192.00 E 9
121187 100.07 204.00 12207
1211.95 109.60 216.00 L=k L e B
1212.03 11013 228.00 @ D SO
121211 110.67 240.00 Area (acre)
121219 111.20 252.00
121227 111.73 264.00
1212.35 112.27 276.00
1212.43 112.80 288.00
1212.51 113.33 300.00| ~
[ OK ] [ Cancel Apply

p
K Reservoir Editor A s-

Reservoir Edit Dam

Figure 3: Reservoir Editor: PhysicaI_Tab -- Pool

. —

Resenvoir | Grafton Pond - Descriptiun|

) (wJia) 2607w ](n)

Physical | Operations I Obsenved Data|

A Grafton Pond

.4 Slide Gates
<> Spillway-over TOD
=%y lower spillway

Grafton Pond-Dam

Elevation attop of dam (ft) 1245.25

Composite Release Capacity

Elevation | Controll... | Uncontr... Total

i) ofs) | cts) (cfs) 1,250
1,225.0 0.0 0.0 0.0 = 1,24U:k/~
1,225.1 0.2 0.0 0.2/=) § 2" 0]
1,225.2 0.7 0.0 0.7~ & ]
1,225.2 1.4 0.0 1.4 1220
1,225.3 2.2 0.0 2.2 0 8000
1,225.4 3.1 0.0 3.1 Flaw
1,225.5 4.1 0.0 4.1 fefs)
1,225.5 5.2 0.0 5.2
1,225.5 6.4 0.0 6.4
1,225.7 7.7 0.0 7.7
1,225.8 3.0 0.0 9.0
1,225.9 10.4 0.0 10.4
1,226.0 11.9 0.0 11.9
1,226.0 13.4 0.0 13.4
1,226.1 15.0 0.0 15.0
1,226.2 16.7 0.0 16.7
1,226.3 18.4 0.0 18.4
1,226.4 20.1 0.0 20.1
1,226.4 22.0 0.0 22.0
1,226.5 23.8 0.0 23.8
1,226.8 25.7 0.0 25.7
1,226.7 27.7 0.0 27.7| -

I OK H Cancel Apply

ke

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Grafton
Pond’s “ExistingOps” operational zones, which consist of zones of Top of dam (1245.25 ft), Flood Control
(1244.5 ft), Conservation (1239.5-1241.5 ft), and Inactive zone (1223.5 ft)".

- i
n Rezervoir Editor

===

Reservoir Edit Operations Zone Rule IF Block

Reservoir jGraﬂgn Pond v: Description

-Ehysical Operations | Observed Data

(| [W][a] 26 or 74 ][]

Zaone Sort Elevation

Operation Set :Existing Ops v: Description [:]
Zone-Rules | | | |
g Top of dam - -
Conservation
@A Flood control Storage Zone Description [:]
" JcConservation| Function of | [ Defne.. |
. ate
[l Spring Refill - Grafton Pond
o [nachive
Date Top Elevation ...
01Jan 12395 - 1,245
01Mar 1239.5( T
01Jun 12415 1,240
l 120ct 12415 F
01Mov 1239 5|5 E’ 1,235
B
o 1,230+
w
1,225

T T T T T
Jan Mar May  Jul Sep Mow

OK ] [ Cancel Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops.

Ei Reservoir Editor

Reservoir Edit Operations Zone Rul

Reservoir :Graﬂnn Pond i

Bhysical| Operations | Observed D

Operation Set :Existing Ops

Zone-Rules | |

# Top of dam
@™ Flood control

 JConservation ]

ru Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

C. Rule Descriptions

1. Spring Refill-Grafton Pond
Figure 7 shows the content of “Spring Refill-Grafton Pond” rule. This rule defines the minimum
release from reservoir as a function of Inflow.

Operation Set :Existing Ops v: Description C]
Zone-Rules | | |
A Top of dam Operates Release From: Grafton Pond
i Flood control . I
# Conservation Rule Name: ipring Refill - Grafton Pond | Description: =)
B ) spring Refill - Grafton Pond ]
B inactive Function of | Grafton Pond-Pool Met Inflaw, Current Value
LimitType: |Minimum v | Interp. [Linear
& 123
Flow Release (cfs) E’ 53
g 3
(©=) | g1Jan | O1Mar | 01Apr | O1May 30T T T
0 40000 80000 120000
0.0 0.1 0.0 0.0 0.1 =« Flaw (o)
3.99 0.1 2793 2793 017
4.0 0.1 4.0 28 0.1 ) _— N
13.00 01 20 9793 01lE [7] Period Average Limit Edit...
14.0 04 40/ 140 01 [ Hour of Day Multiplier
123456.0 01 4.0 14.0 0104 [7] Day of Week Multiplier
~| [FIRisingFalling Condition
d| Ll LC Seasonal Variation Edit...

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Spring Refill-Grafton Pond

208



Harriman

Harriman

l. Overview

Harriman dam is located upstream of the town of Readsboro on the Deerfield River. It is owned and
operated by TransCanada Hydro Northeast Inc. for hydropower generation on a peaking, seasonal

storage basis.

Figure 1 shows the location of Harriman Dam as it is represented in the HEC-ResSim model, and Figure 2

shows a photo from Harriman Dam.

o

j\-’
i B RHE_ Coldbiook Diversion
A ook

TR SC
fd

!
Wiest Ware

onmecticut at ktouth
n

Figuré 1: HEC-ResSim Map Display Showing Location of Harriman
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Figure 2: Photo of Harriman Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3*°. The dam consists of

four types of outlets: (1) uncontrolled spillway, (2) controlled spillway, (3) Howell Bunger Valve, and (4)
power plant as shown in Figure 4.

*® Data provided by TransCanada
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P
K Reservoir Editer

P = mm W —

===

Reservoir Edit Pool

Resenvoir  Harriman -

Description

Physical |gperaﬂons Observed Data

) [W](a] 30 0774 ] [n]

& Harriman Harriman-Paool
B ]rol
E'U Dam @ LinearInterpolation ) Conic Interpolation  Initial Conic Depth (ft)
- Tailwater
¢ Fower Plant Elevation Storage Area
Q spillway over flashboards
$ spillway(flashboards rem () (ac) (acre)
’ Howell Bunger valve 1405.66 0.00 46510 =
1405.76 47.00 466.20| =
1405.86 94.00 467.30
1405.96 141.00 468.30
1406.06 188.00 469.40
1406.16 235.00 470.50
1406.26 281.90 471.60
1406.36 328.90 47260
1406.46 375.90 47370 1,500
1406.56 422.90 474.30 T80T
1406.66 471.00 476.00 € 14607
1406.76 519.00 477.20 21,4407
1406 86 56710 47830 1,420
1406.96 £15.20 479.50 1400 T T T T 17
1407.06 663.20 430.70 o 80,000
1407.16 711.30 431.90 Stor (ac-ft)
1407.26 759.30 433.10
1407 .36 807.40 48420 1,500
1407 46 855.50 485.40 1480
1407 56 903.50 436.60 £ 1,460
1407.66 952.80 437.90 B 1,440
1407.78 1002.20 439.30 H1,4204
1407.86 1051.50 490,60 1400 T T T T T T T
1407.96 1100.80 492.00 §O0 1,200 1,800
1408.06 1150.10 493.30 Area (acre)
1408.16 1199.40 43470
1408.26 1248.80 496.00
1408.36 1298.10 497.40
1408.46 1347.40 498.70
1408.56 1396.70 500.10
1408.66 1447 .50 501.70
1408.76 1498.30 503.20
1408.86 1549.00 504.80
- — - 1408.96 1599.80 506.40
QK ” Cancel Apply
—

Figure 3: Reservoir Editor: Physical Tab -- Pool
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P
K Reservoir Editer

===

Reservoir Edit Dam
Resenvoir lHarriman v] Description E]| (][« 39 0f74|@@
Physical |gperaﬂons Observed Datal
& Harriman Harriman-Dam
&) Pool
EIUEM Elevation attop of dam () | 152'?.6|
& Tailwater
& Power Plant Length at top of dam (ft) | 1250.0|
Q spillway over flashboards
4% spillway(flashboards rem|| Composite Release Capacity
-4 Howell Bunger valve
Elevation Controlled | Uncontrolled Total
(ft) (cfs) (cfs) (cfs) 1,520 ]
1,400.0 1,413.2 1.3 1,414.5/ 2| 5 1480
1,410.0 1,413.2 1.3 1,44.5) | B & 1,4407
1,420.0] 1,413.2 1.3 1,445 | 2 g 400
1,430.0 1,413.2 1.3 1,414.5|% TTTT 77T
1,440.0| 1,413.2 1.3 1,414.5 0 2,000 4000
1,450.0 1,413.2 1.3 1,414.5| Flows
1,460.0 1,413.2 1.3 1,414.5 (cfs)
1,470.0 1,413.2 1.3 1,414.5
1,480.0 1,413.2 1.3 1,414.5
1,490.0 1,413.2 1.3 1,414.5
1,491.8 1,413.2 1.3 1,414.5
1,491.8 1,415.9 1.3 1,417.2
1,491.9 1,416.5 2.0 1,418.5
1,491.9 1,419.7 4.7 1,424.4
1,492.0 1,420.5 5.3 1,425.9
1,492.0 1,424.8 8.0 1,432.8
1,492.1 1,425.9 5.9 1,434.8 1
1,492.1 1,430.7 12.7 1,443.3
1,492.2 1,431.9 13.6 1,445.5
1,492.2 1,437.2 17.3 1,454.5
1,492.3 1,438.5 18.5 1,457.1
1,492.3 1,443.9 23.3 1,467.2
1,492.4 1,445.2 24.4 1,469.6
1,492.4 1,451.6 28.7 1,480.3
1,492.5 1,453.2 30.0 1,483.2
1,492.5 1,459.§ 35.3 1,494.9
1,492.¢6 1,461.2 36.7 1,497.9
1,492.6 1,468.1 42.0 1,510.1
1,492.7 1,469.9 43.5 1,513.3
1,492.7 1,477.3 19.3 1,526.7| -
4 e [ 3
QK l l Cancel Apply
)

Figure 4: Reservoir Editor: Physical Tab -- Dam

212



Harriman

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Harriman’s
“ExistingOps” operational zones, which consist of zones of Top of dam (1527.6 ft), conservation (1497.6
ft), Min Pool (1440-1475 ft), and Inactive zone (1282.1 ft)".

'd - - -
E1 Reservair Editor ' M

Reservoir Edit Operations Zone Rule IF_Block

Reservoir :Harriman v: Description o E@ 30 of 74 [E][E]

Physical| Operations | Observed Data

Operation Set :Existing[)ps v: Description [:]

Zone-Rules | Rel. Allec. | | |

o Top of dam
[l removal of flashboards in winter
-_JConservation

Function of |pat -
#-{ } Maximum Drawdown Rate ate

=--{ } elevation stability

Storage Zone Conservation Description [

I8 Min flow in Bypass Date Top Elevation (ft) 1 20
-f } Hydropower_Harimann_72 01Jan 1497 6| » '
-[@ removal of flashboards in winter 1,500
A 1in Pool \—l;
-f } Maximum Drawdown Rate = 1,450
@-{ } elevation stability = 1 4004
[l Min flow in Bypass % :
~[l remaoval of flashboards in winter & 1 350
o [nactive ol
1,300
1,250 T T T T T
- Jan Mar May Jul Sep Moy
Zone Sort Elevation
l QK l [ Cancel Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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Figure 6 shows a sequential release allocation approach specified for available outlets along
Harriman Dam. The available outlets are given an order of priority for release. The power plant gets
the release first until it reaches release capacity. The spillway gets the remainder of the release until
it reaches capacity. After the capacity through the spillway is reached, the remainder of the release
goes through the Howell Bunger Valve.

Reservoir Edit Operations

Resenoir .Harriman ~ | Description

Physical | Qperations | Observed Data

Ciperation Set :ExistingDps v: Drescription

EUHE—RU|ES| Rel Alloc. | | |

Felease Allocation Strategy

a:& Harriman - Balanced Release Location: Harriman-Dam

=R WA Harriman-Dam (1.0) - Sequential . ] r -
-y Harriman-Power Plant Allocation Type: | Sequential
Q} Harriman-spillway(flashboards removed)
Q} Harriman-Howell Bunger valve

Harriman-FPower Plant
Harriman-spillway(flashboards remaoved)
Harriman-Howell Bunger valve

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation
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B. Rule lllustrations

Figure 7 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops47.

n Reservoir Editor

Reservoir Edit Operations Zone Rule IF_Bloc

Resenoir [Hamiman ~ | Descr

Physical | Operations | Observed Data

Operation Set ExistingQps

Zone-Rules | Rel. Alloc. | |

s Top of dam
L[l removal of flashboards in winter

-
=-{ } Maximum Drawdown Rate
EP* IF {Jun 16-Jul 15)

[l Maximum Drawdown Rate
=i-{ } elevation stability
== |F (Apr 1-Jun 15)

[l zero decreasing ROC
----- [ Min flow in Bypass
=I-{ } Hydropower_Harriman_Z2

E}-I* IF (code=1)

M

= ELSE IF (code=2)
- [l 4HrsGen_Z2
= ELSE IF (code=3)
- [l Hydropower Release Inflow
= ELSE (code=4)

[l Mo Power_72
----- @ removal of flashboards in winter
(w? Min Pool
=-{ } Maximum Drawdown Rate
== IF (Jun 16-Jul 15)
[l Maximum Drawdown Rate
--{ } elevation stability
== |F (Apr 1-Jun 15)
[l zero decreasing ROC
----- [ Min flow in Bypass
----- @ removal of flashboards in winter

l.ﬂ Inactive

Ml

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

* TransCanada. Deerfield River Operational Constraints. 2012.
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C. Rule Descriptions

1. Removel of flashboards in winter

Figure 8 shows the content of “removal of flashboards in winter” rule. This rule

releases through spillways when the flashboards are removed in winters.

Operation Set :ExistingDps

v: Description

Zane-Rules | Rel. Alloc. | |

represents the

™ Top of dam

o Conservation

#-{ } Maximum Drawdown Rate
H-f } elevation stability

----- [@ Min flow in Bypass

#-{ } Hydropower_Harriman_z2

""" [E removal of lashboards in winter
o [in Pool

#-{ } Maximum Drawdown Rate
H-f } elevation stability

----- [E Min flow in Bypass

""" [@ removal of flashboards in winter
o [nactive

B Rremoval of flashboards in winter

Operates Release From: Harriman-spillway(flashboards removed)

Rule Mame: ;a1 of flashboards in winter| Description:

Function of: |Harriman-Pool Elevation, Current Value

Limit Type: :Maximum v: Interp.::unear v:

Elev Releas
() 01Jan 011
1491.76 20
1491.86 5.33
14591.96 9.33
1482.06 14.67
148216 20.67
1482 26 27.33
1492 36 340
1492 45 420
1492 56 50.0
14582 66 58.67
148276 68.0
14582 86 78.0
1492 95 88.0
1493.06 98.67
149316 110.0
1483.26 122.67
1483.36 135.33
1483 46 143.0
1483 56 160.67
1493 66 173.33
149376 186.67
1493.86 2000
14583.96 216.67
1494.06 230.0
148416 24333
1494 26 256.67

A4mA 2

AT

i mn

3

»

m

J
|

1,600
1,400+
1,200
1,000
800
600+
400+
200

Release {cfs)

0 T

T
1,492

[7] Period Averag
["] Hour of Day M

[7] Day of Week Multiplier
[7] Rising/Falling Condition

Seasonal Vari

T
1,486
Elev ()

e Limit

ultiplier

ation

T
1,500

Edit

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — removal of flashboards in winter
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2. Maximum Drawdown Rate
Figure 9 shows the content of “Maximum Drawdown Rate” rule. This rule limits the maximum change of

elevation during 16Jun-15Jul.

Cperation Set iExistingDps

"'j Description

Zone-Rules | Rel. Alloc. | |

# Top of dam

o Conservation

EI---{_] Maximum Drawdown Rate

E}* IF {Jun 16-Jul 15)
#-{ } elevation stability

----- [ Min flow in Bypass

[=-{ } Hydrapower_Harriman_zZ2

----- [@ removal of flashboards in winter
o Min Pool

#-{ } Maximum Drawdown Rate
=-{ } elevation stability

----- [@ Min flow in Bypass

""" [B removal of flashboards in winter
o [nactive

------ [@ removal of flashboards in winter

------ [E Maximum Drawdown Rate

Name: |\aximum Drawdown Rate | Description:

Operates Release From: Harriman-spillway(flashboards removed)

Type

Mame
IF [Jun 16-Jul 15

Description

Operation Set iExistingDps

-

Description

Zone-Rules | Rel. Alloc. | |

#™ Top of dam

[l removal of flashboards in winter
# Conservation
=~ } Maximum Drawdown Rate

ERed! (Jun 16-Jul 15)]
‘[l Maximum Drawdown Rate

-{ } elevation stability

----- @ Min flow in Bypass

=-{ } Hydropower_Harriman_72

----- @ removal of flashboards in winter

a Nin Pool

#-f } Maximum Drawdown Rate

=-f } elevation stability

----- [ Min flow in Bypass

----- @ removal of flashboards in winter

m [nactive

Operates Release From: Harriman-spillway(flashboards removed)

IF Conditional | jun 16-Jul 15 Description:
Yalue Yalue2
Current Time Step == 16Jun
AMND Current Time Step == 15Jul

Add Cond.
Del. Cond.
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Operation Set ExistingOps

v: Description =

Zone-Rules | Rel. Alloc. | |

#™ Top of dam
[l removal of flashboards in winter
# Conservation
=~ } Maximum Drawdown Rate
E}* IF (Jun 16-Jul 15}

& }Maximum Drawdown Rate|
-{ } elevation stability
----- @ Min flow in Bypass
#-{ } Hydropower_Harriman_Z2
""" [@ removal of lashboards in winter
o Min Pool
#-{ } Maximum Drawdown Rate
-{ } elevation stability
----- @ Min flow in Bypass
""" @ removal of flashboards in winter
o [nactive

Operates Release From: Harriman
Elevation Rate of Change Limit | paximum Drawdown Rate

Description E]
Function OF | constant
Type :Decreasing "j
() Instantaneous
@ Period Average
Max Change of (ft)

1.0 Owver 24 | hours

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Maximum Drawdown Rate

3. Elevation Stability

As Figure 10 shows this rule represents zero rate of change during Apr 1-Jun 15 for Harriman.

Operation Set :ExistingDps

v: Description [

Zone-Rules | ReI.AJIUc.l |

wh Top of dam

[l removal of flashboards in winter
wh Conservation

#-{ } Maximum Drawdown Rate
BT cion o

== |F (Apr 1-Jun 15)
------ [@ zero decreasing ROC

----- [ Min flow in Bypass
#-{ } Hydropower_Harriman_z2
""" B removal of flashboards in winter
M Nin Pool
#-f } Maximum Drawdown Rate
#-f } elevation stability
----- @ Min flow in Bypass
----- @ removal of flashboards in winter
M nactive

Operates Release From: Harriman

Name: | glevation stability Description: [
Type Mame Description
IF |4pr 1-Jun 15 |
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Operation Set iExistingDps 'i Description ]
Zone-Rules | Re|,,\\||gc_| |
#h Top of dam Operates Release From: Harriman
[l removal of flashboards in winter

™ Conservation IF Conditional | spr 1-Jun 15 Description: =
#-f } Maximum Drawdown Rate
=-{ } elevation stability Value1 Value2

E"’ IF (Apr1-Jun 15) Current Time Step == 01Apr

[l zero decreasing ROC AND Current Time Step <= 15Jun

----- [E Min flow in Bypass

= } Hydropower_Harriman_Z2

----- [ removal of flashboards in winter
m Min Pool

- } Maximum Drawdown Rate
=-f } elevation stability

----- [E Min flow in Bypass

----- [ removal of flashboards in winter
a [nactive

Add Cond.

Operation Set :ExistingDps

v: Description

Zone-Rules | Rel. Alloc. | |

Del. Cond.
.

w Top of dam

‘[l remaoval of flashboards in winter
# Conservation

- } Maximum Drawdown Rate
=-{ } elevation stability

== IF (Apr 1-Jun 15)
@& Jzer0 decreasing ROC|

----- [B Min flow in Bypass
#-{ } Hydropower_Harriman_Z2
----- [@ removal of flashboards in winter
o Min Pool
F-f } Maximum Drawdown Rate
-{ } elevation stability
----- @ Min flow in Bypass
""" [@ removal of flashboards in winter
o [nactive

Operates Release From: Harriman

Elevation Rate of Change Limit |zzrg decreasing ROC

Description

Function Of | canstant
Type :Decreasing

@ Instantaneous
(") Period Average

Max Rate of Change (ft'hr) 0.0

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — elevation stability
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4. Hydropower_Harriman_Z2
This rule represents power strategy applied for Harriman reservoir. The content of the rule is shown in
Figure 11 as per the peaking hydropower modeling strategy.

Operation Set :ExistingDps v: Description |:
Zone-Rules | Rel. Alloc. | |
wh Top of dam Operates Release From: Harriman
‘[l remaoval of flashboards in winter
w™ Conservation Name: |jydropower_Harriman_Z2 | Description: )|
- } Maximum Drawdown Rate
- } elevation stability Type Mame Description
----- (@ Min flow in Bypass IE code=1
=8B ¥Hydropower_Harriman_72 ELSEIF  |code=2
== IF (code=1) ELSEIF  |code=3
[l 2HrsGen_Z2 ELSE code=4
&= ELSE IF (code=2)
¢ [l 4HrsGen_Z2
- ELSE IF (code=3)
¢ [l Hydropower Release Inflow
EI* ELSE (code=4)
[l No Power_zZ2
Operation Set :ExistingDps v: Description [:]
Zone-Rules | Rel. Alloc. | |
# Top of dam Operates Release From: Harriman
[l removal of flashboards in winter
@ Conservation IF Conditional | zpde=1 Description: o
F-f } Maximum Drawdown Rate
=-f } elevation stability Value1 ValueZ2
""" @ Min flow in Bypass |  Harimann_vVolume | = | 1

=-{ } Hydropower_Harriman_Z2
EF (oce-1)

¢ [l 2HrsGen_zZ2

- w ELSE IF (code=2)

o= ELSE IF (code=3)
¢ [l Hydropower Release Inflow
E‘* ELSE (code=4)

------ B Mo Power_Z2
""" [E removal of lashboards in winter

Add Cond.

Operation Set :ExistingDps

v: Description

Zone-Rules | Rel. Alloc. | |

# Top of dam
‘[l removal of flashboards in winter

o Conservation

#-{ } Maximum Drawdown Rate

=-{ } elevation stability

----- [B Min flow in Bypass

=-{ } Hydropower_Harriman_zZ2

- |F (code=1)

= ELSE IF (code=3)

Lol Hydropower Release Inflow
£ = ELSE (code=4)

------ [ Mo Power_Z2

Operates Release From: Harriman-Power Plant
Hydropower - Power Guide Curve Rule | 2HrsGen_z72

Description:

Zone at Top of Power Pool ‘Conservation - |

Zone at Bottom of Power Poal | Min Pool -]

% Power Storage Plant Factor (%)

0.0 0.0
100.0 8.33

Del. Cond.
&
(J
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Operation Set :ExistingDps v: Description [:]
Zone-Rules | Rel. Alloc. | |
# Top of dam Operates Release From: Hariman-Power Plant

[l removal of flashboards in winter
@™ Conservation ELSE IF Conditional |cgde=2 Description: =
- ¥ Maximum Drawdown Rate

=-f } elevation stability Value1 Value2

""" [ Min flow in Bypass |  Harmann_Volume | = | 2

=L } Hydropower_Harriman_z2

== |F (code=1)

W 2HrsGen_Z2

SR AELSE IF (code=2)]

[ 4HrsGen_Z2

== ELSE IF (code=3)

[l Hydropower Release Inflow
- m E|SE (code=4)

------ @ Mo Power_72

Add Cond.
Del. Cond.

Operation Set :ExistingDps v: Description )
Zone-Rules | Rel.AlIUc.l |
wh Top of dam Operates Release From: Harmiman-Power Plant
“-[@ removal of flashboards in winter Hvd P Guide O Rul
@ Conservation ydropower - Power Guide Curve Rule |aHrsGen_z2
(e-{ } Maximum Drawdown Rate Description- @
-{ } elevation stability ) :
----- [E Min flow in Bypass Zone at Top of Power Pool | Conservation - |
=-{ } Hydropower_Harriman_z2 — 1
E}_' IF (code=1) Zone at Bottom of Power Pool 'Min Poal v
-l 2HrsGen_Z2 % Power Storage Plant Factor (%)
EH-m ELSE IF (code=2)
FR ey 0.0 8.33
H [l 100.0 16.67
E}* ELSE IF {code=3) : -
[ Hydropower Release Inflow
Ef* ELSE (code=4)
‘[l Mo Power_Z2
Operation Set :ExistingDps v: Description =
Zone-Rules | Rel. Alloc. | |
wh Top of dam Operates Release From: Hariman-Power Plant
“[W removal of flashboards in winter
#% Conservation ELSE IF Conditional | cqde=3 Description: =)
#-{ } Maximum Drawdown Rate
=-f } elevation stability Value1 Value2
""" (W Min flow in Bypass | Harimann_Volume | = | 3

=-{ } Hydropower_Harriman_Z2
- = IF (code=1)
-l 2HrsGen_Z2
== ELSE IF (code=2)
-l 4HrsGen_Z2
BN SE F (cove2)
. [l Hydropower Release Inflow
E}* ELSE (code=4)
[l Mo Power_Z2

Add Cond.
Del. Cond.

221




Harriman

Operation Set :ExistingDps v: Description =
Zone-Rules | Rel. Alloc. | I
ﬂ Top ofdam Operates Release From: Harriman-Power Plant

------ @ removal of flashboards in winter

A Conservation Rule Name: | ydropower Release Inflow | Description: =
&-f } Maximum Drawdown Rate

{7 elevation stability Function of. |Harriman-Pool Met Inflow, Current Value

[@ Min flow in Bypass . : : : .
Limit Type: ini ~ | Interp. | Lj v
=-{ } Hydropower_Harriman_Z2 ype: [Minimum - P-- | Linear

= -P IF (code=1) 120,000
PobL B 2HrsCen Z2 Flow (cfs) Release (cfs)
=% = ELSE IF (code=2) 0.0 0.0] »
j ...... @ 4HrsCGen_72 100000.0 100000.0
EI = ELSE IF (code=3)
i -l Hydropower Release Inflow
=8 -i ELSE (code=4)
------ @ Mo Power_Z2
----- @ removal of flashboards in winter
o in Pool 20,0004
#-{ } Maximum Drawdown Rate i
- } elevation stability TT T T T T T 11
..... @ Min flow in Bypass I 50,000 100,000
----- @ removal of flashboards in winter Flow (cfs)

100,000+

80,000

60,000

40,000

Release (cfz)

Operation Set :ExistingDps v: Description [:]

Zone-Rules | Rel. Allac. | |

pn Top of dam
------ [@ removal of flashboards in winter
# Conservation ELSE Conditional |-gde=4 Description: E]
-f } Maximum Drawdown Rate
-f } elevation stability
----- [ Min flow in Bypass
=-{ } Hydropower_Harriman_z2
== |F (code=1)
: @ 2HrsGen_Z2
EI -P ELSE IF (code=2)
H @ 4HrsGen_72
El -P ELSE IF (code=3)
: i HydropowerRelease Inflow
& pgCLoE (code=d)]

------ M@ Mo Power_ 22

Operates Release From: Harriman-Power Plant

Operation Set _ExistingDps v: Description E]

Zone-Rules | Rel. Alloc. | |

™ Top of dam

[l removal of flashboards in winter
#m Conservation
#-{ } Maximum Drawdown Rate
- } elevation stability i :
----- [ Min flow in Bypass Zone at Top of Power Pool ‘Consenvation
2 {E% ﬁd;]é]coﬂv;eer_‘::amman_zzz Zone at Bottom of Power Pool | Min Pool -
o [l 2HrsGen_z2
B * ELSE IF {code=2)

P [ 4HrsGen_72
B -b ELSE IF (code=3)

L [E Hydropower Release Inflow
== ELSE (code=4)

Y orove 22

Operates Release From: Harriman-Power Plant

Hydropower - Power Guide Curve Rule |ng Power_Z2

Description: [:]

% Power Storage Plant Factor (%)

0.0 0.0
100.0 0.0

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Hydropower_Hariman_2Z2
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Figure 12 describes the definition of codes used in the Harriman_Volume state variable. The code is

summing up the current Inflow and previous storage in each time step, compare it to the volume

needed for generating 2 and 4 hours power and to the spillway storage minus inactive storage and then

decide how much to release.

:i State Variable Editor

CY—— - 1

StateVariable Edit

MName:

nann,_Volume

| « | Description: 8] @@ME

Parameter Name: |coge

Initialization | Main | CleanUp

Parameter Type: :Cude -: [7] Always Comj

TimeSeries
Model Variab

. State Variabl

APls

. Math

. HecTime
MNetwaork

. RunTimeSte

. RunTimeWwin
StateVariabl

. TimeSeries

. Dss
D85File

[ R A N

EETETE

in
11
1z
13
14
15
16
17
18
19
z0
zl
22
Z3
24
25
6
z7
8
29
30
3l
32
33
34
35
36
37
38

# Create 2 code to track the available water for generating power

#The code iz swwming wp the current Inflow and preveius storage in each timestep,compare it to the volume needed for
#generating 2 and 4 hours power 2ad to the spillway storage minus indctive storage and then decide kow much to release.

Code =0: I+5 »S{spillway storage)-5(inactive storage)
code =1:0< I+5<V(Zhrs.Gen)

code =2! ViZhrs.Gen)<I+5<V(d¢hrs.Gen)

code =3: Vidhrs.Gen)<I+5

# S(spillway storage)-5(inactive storage)=3158000-227611.57=00388(act)
Houtlet capacity=1411.Z2(cfs)

#V(Zhra,Gen)=(E4outlet capacity)*d.058=531, 4368 (2cf)
#V(dhra.Gen)=(4*outlet capacity)*0.082=462. 8766 (2cF)

from hec.model import RunTine3tep
Inflow TS=network.getTimeSeries("Reservoir”, "Harriman", "Fool™, "Flow-IN MET")
Inflow= Inflow TS.getCurrentValue (currentRBuntiwmestep)

Inflow_acf=Inflow®l.35

Ftorage_T3 = network.getTimederies("Reservoir”, "Harriman", "Pool", "dtor")
Srorage=3torage T3.getPreviousValue (currentRuntimestep)

Volume=Inflow_scf+(Storage-Z27611.57)

if Volume == S0355:
Code=0

elif O<Volume <=231.4366
Code=1

elif 231.4368<Volume <=46Z.5766:
Code=2

elif 462.83766<Volume<903583:
Code=3

else:
Code=4

currentVariable.setValue (currentRuntimestep, Code)

Figure 12: State Variable Editor: Harriman_Volume
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5. Min Flow in Bypass
Figure 13 shows the content of Min Flow in Bypass. This rule represents the seasonal minimum flow

releases required from Harriman.

Operation Set :Exi_stinQOps v: Description |

mml,mocl itages,[iSte

@A Top of dam
[@ removal of flashboards in winter
@A Conservation
=-{ } Maximum Drawdown Rate .
5w IF (Jun 16-Jul 15) Function of. |Harriman-Pool Net Inflow, Current Value
~[@ Maximum Drawdown Rate
=-{ } elevation stability
= m |F (Apr 1-Jun 15)
--[@ zero decreasing ROC Flow Release (cfs)
B (cfs) 01Jan 01Jul 010ct
=-{ } Hydropower_Harimann_z2 0.0 70.0 57.0 700| =
= ELSE IF (code=1) 123456.0 70.0 57.0 70.0 604
@ 2HrsGen_z2
= ELSE IF (code=2) 56
i @ 4HrsGen_z2
== ELSE IF (code=3)
. M@ Hydropower Release Inflow
== ELSE (code=4) . o
" @ No Power_z2 [7] Period Average Limit
k @ removal of flashboards in winter [~] Hour of Day Multiplier
w Iin Pool

=-{ } Maximum Drawdown Rate [7] Day of Week Multiplier

| »

Operates Release From: Harriman
Rule Name: 'Min flow in Bypass Description:

Limit Type: | Minimum v | Interp: [Linear -

72

68

64+

Release (cfs)

| e R [ |
0 60,000 120,000

Flow (cfs)

m

== F (Jun 16-JU| 15) [] Rising/Falling Condition
[@ Maximum Drawdown Rate

=-{ } elevation stability [¥] seasonal Variation
== |F (Apr 1-Jun 15)
[@ zero decreasing ROC
-[@ Min flow in Bypass

-[@ removal of flashboards in winter -
B oot

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min flow in Bypass
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Holyoke

l. Overview

Holyoke dam is located in the City of Holyoke, MA and is the most downstream dam on the mainstem
Connecticut River. It is owned and operated by the Holyoke Water Power Company and is used for

hydropower generation.

Figure 1 shows the location of Holyoke Dam as it is represented in the HEC-ResSim model, and Figure 2

shows a photo from dam.

Haolyake_In
4551

Halyoke

alyoke_Cut

onmetticut at Wouth & (
L]

Figure 1: HEC-ResSim Map Display Showing Location of Holyoke dam
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v

[ TR G SR
i o AT O .

Figure 2: Photo from Holyoke dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3*¢. The dam consists of
five types of outlets: (1) controlled Bascule Gate, (2) controlled Bypass pipe, (3) controlled Canal System,
(4) controlled Spillway with gates, and (5) power plant as shown in Figure 4.

*®Data provided by UMASS
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©
m Reservoir Editor

——_—-—_

Reservoir Edit Pool

[S5C)

Reservoir [Holyoke

v] Description

) [W](a] 6074w ][m]

Physical | Operations | Observed Data|

A: Holyoke

}Pool

& Tailwater

% Bascule Gate

% Bypass pipe

% Canal System

% Spillway with gates
& Power Plant

Holyoke-Pool

@ Linear Interpolation

(71 Conic Interpolation

Initial Conic Depth (ft)

Elevation Storage Area
(ft) (ac-ft) {acre)
59.00 100000.00 0.00 1207
99.60 126000.00 223000 & 1007
100.40 126400.00 2289.00] = 44
100.60 126500.00 220000 T
103.10 127600.00 2292.00 807 NN
120.30 135400.00 2300.00 100,000 120,000 140,000
Stor {ac-it
1201
g 1007
& 80+
> 8]
B0
T T T T
0 1,000 2,000

Area (acra)

Figure 3: Reservoir Editor: Physical Tab -- Pool

|| cancel

©
m Reservoir Editor

————.——

Reservoir Edit Dam

[S=X)

Resenvair [Holyoke

v] Description

| [W][«] 89 of 74 [ ]m]

Physical | Operations I Observed Data|

&_ Holyoke
&) Pool

& Tailwater

% Bascule Gate

% Bypass pipe

4 Canal System

% Spillway with gates
& Power Plant

Holyoke-Dam

Elevation attop of dam (f) | 117_g|

Length at top of dam (ft) | 177U_g|

Composite Release Capacity

Elevation Controlled | Uncontrolled Tatal
(ft) (cfs) (cfs) (cfs) 1204

70.0 14,250.0 0.0 14,250.0( = E 1DD:
80.0 14,338.0 0.0 14,338.0 § =y BD:
85.0 17,053.6 0.0 17,053.6 i B
94.5 22,148.0 0.0 22,148.0|2 B0-TTTT T
95.0|  22,497.1 0.0] 22,497.1 350,000
96.0 23,287.0 0.0 23,287.0[ F o
97.0 24,179.0 0.0 24,179.0 {cfe)
98.0 25,150.9 0.0 25,150.9
99.0 26,190.9 0.0 26,180.9
99. 8 26,846.0 0.0 26,846.0
100.0 28,254.8 0.0 28,254.8
100.4 30,873.2 0.0 30,873.2
101.0 34,635.3 0.0 34,635.3 i
1on 1z imm = An iz amn =

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Holyoke

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 6 shows the definition of Holyoke’s
“ExistingOps” operational zones, which consist of zones of Flood Control (120.3 ft), Conservation (100.6
ft), and Inactive zone (68 ft)".

- - ™
B Reservoir Editor M

Reservoir Edit Operations

Reservoir :Hc”ygke v: Description o E@ GO of 74 @@

Physical| Operations | Observed Data

Operation Set :Existing Ops v: Description ]
Zone-Rules | Re|_A||[|c_| | |
o Flood Control . o
: Conservation
1 Bypass Pipe releases Storage Zone Description [J
-l Bascule Gate Eunchioniol
[l Canal Flows
. Jconservation| :
.-[H Bypass Pipe releases Date Top Elevation (ft) 130
-l Mormal high pool spillway gates 01Jan 1006 «
[l Hydropower-Release 95% Inflow 120 |
o [nactive 1107
| E 1m0
5
90
i
o 50
70
| 607 ] I ] I ]
- Jan Mar May Jul Sep Now i
Zone Sort Elevation
|
[ QK ] l Cancel Apply

— o = = —

Figure 6: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 7 shows a set of operational rules specified for each zone that reflects the operation set named

Existing Opsl.

:i Reservoir Editor

Reservoir Edit Operations

Physical| Operations | Observed Data

Resenoir Holyoke - | Dest

Operation Set :Existing Ops

Zone-Rules | Rel. p.nn::_l |

|.n Flood Control

----- [B Bypass Pipe releases

----- @ Bascule Gate

----- [l Canal Flows

|~

----- [B Bypass Pipe releases

----- [@ Mormal high pool spillway gates

I.n Inactive

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

----- [B Hydropower-Release 95% Inflow

Figure 8 shows a sequential release allocation approach specified for available outlets along Bellows
Falls Dam. The available outlets are given an order of priority for release. The power plant gets the
release first until it reaches release capacity. The Bypass pipe gets the remainder of the release until it
reaches capacity. Then the flow passes through the Canal System. After the capacity through the Canal
System is reached, the remainder of the release goes through the Bascule gate and spillway with gates,

respectively.
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ﬂ Reservoir Editor

Reservoir Edit Operations

Resenvoir | Holyoke ~ | Description o E]@

Ehysical | Operations | Observed Data

Operation Set iExisting Ops vi Description

Zone-Rules | Rel Alloc. | | | |

Release Allocation Strategy

ﬂ_ Holyoke - Balanced
' Holyoke-Dam at Connecticut River (1.0) - Sequential

Release Location: Holyoke-Diam at Connecticut River

<> Holyoke-Power Plant Allocation Type: | Sequential
L% Holyoke-Bypass pipe

=<y Holyoke-Canal System Holyoke-Power Plant

< Holyoke-Bascule Gate Holyoke-Bypass pipe

- Holyoke-Spillway with gates Holyoke-Canal System

Holyoke-Bascule Gate
Holyoke-Spillway with gates

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation

C. Rule Descriptions

1. Bypass Pipe release

Figure 9 shows the content of “Bypass Pipe release” rule. This rule represents a specified release
from Bypass pipe controlled outlet.

Operation Set :Existing Ops v: Description

Zone-Rules | Rel. Alloc. | |

wm Flood Control
ass Pipe releases
g cule Gte Rule Name: Bypass Pipe releases Description:
[l Canal Flows
o™ Conservation
-l Bypass Pipe releases
[B Mormal high pool spillway gates

Operates Release From: Holyoke-Bypass pipe

ED
I O

Function of: |pate

LimitType: |5 - | Interp:|. |

[l Hydropower-Release 95% Inflow w1204
B [nactive Date Release (cfs) % 20
01Jan 0.0[~| & 40
31Mar 0.0 2 o] ! ! | ! !
01Apr 150.0 Jan har Wy Jul Sep  Nowv
J0Nov 150.0
01Dec 0.0 [ Period Average Limit Edit...
[] Hour of Day Multiplier
[ Day of Week Multiplier
[ Rising/Falling Condition
i Seasonal Variation Edit...

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Bypass Pipe release
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2. Bascule Gate
Figure 10 shows the content of “Bascule Gate” rule. This rule represents the seasonal minimum
release from Bascule gate controlled outlet.

Operation Set :Existing Ops v: Description )
Zone-Rules | Rel. Alloc. | |
;‘md Control Operates Release From: Holyoke-Bascule Gate
Bypass Pipe releases . N
B Rule Mame: |gascule Cate Description: [
[l Canal Flows i
i~ Conservation Function of | Holyoke-Pool Net Inflow, Current Value
[l Bypass Pipe releases - r . r .
Limit Type: ini ~ | Interp. |Lj -
[B Mormal high pool spillway gates e | Minimum : P-- | Linear ! @ 95
k Hydropower-Release 95% Inflow B zond
- Eacr?:-'e P Flow Release (cfs) @ igg:
() | 01Jan| 01Apr | 16Nov| 01Dec £ LS s e o e
00 00 00 00 20!l 0 <00,000 200,000 1,200,000
: : : : : Flom [z
150.0] 150.0, 00|  0.0] 150.0 it
8000, 8000 650.0) 650.0/ 800.0 ) _— )
9500 800.0 2000/ B00.0 800.0 [7] Period Average Limit Edit...
1350.0| 800.0/ 1200.0( 800.0/ 800.0 [] Hour of Day Multiplier
1234567.0( 800.0] 1200.0) 8000 8000 [7] Day of Week Multiplier
[ Rising/Falling Condition
Seasonal Variation i

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Bascule Gate

3. Canal Flows
Figure 11 shows the content of “Canal Flows” rule. This rule represents the seasonal minimum
release from Canal System controlled outlet.

Operation Set :Emstmg Ops v: Description =]

Zone-Rules | Rel. Alloc. | I

8 Flood Control Operates Release From: Holyoke-Canal System
B Bypass Pipe releases :
E Bascule Gate Rule Name: Canal Flows Description D
iR Jcana Fiows]
& Conservation Function of | Holyake-Pool Met Inflow, Current Value
[ Bypass Pipe releases o
Limit Type: - Interp. =
E Mormal high pool spillway gates L TYPe. | A o | MErR- |dinsak 2
[l Hydropower-Release 95% Inflow 5000
& Inactive Flow Release (cfs) @ ]
(5} | g1yan | 01Apr | 0120g| 01Sep |01Dec = 4,000
00| 4000 00| 00 0.0] 2000~ &, -7
4000 4000  00] 00 0.0/ 4000 z
950.0] 4000] 00 00 0.0] 4000 C
951.0] 4000] 10| 10 1.0/ 4000 0 80,000 160,000
1351.0] 4000 400.0] 4000 400.86..| 400.0
Flow (cf
2951.0] 400.0[ 2000.0] £00.0] 2000.3..] 400.0 o (efs)
3951.0] 400.0| 2000.0] 4000 3000.0| 400.0 )
15601.0 400.0] 2000.0] 400.0| 3000.0| 400.0 BlEetcu oItk
172000 400.0| 2000.0 1679.2] 3000.0 400.0 [ Hour of Day Multiplier
17201.0] 4000 2001.0 16800 3000.0] 400.0 ]
17601.0 400.0 2267... 2000.0| 3000.0| 400.0 [C] Day of Week Multiplier
182010 400.0| 2667._| 26000 3000.0] 400.0 [ Rising/Falling Condition
18202.0 400.0| 2668..| 2601.0| 6000.0] 400.0

186010] 4000] 2934 | 30000 6000.0| 4000 Seasonal Variation
21601.0] 400.0| 4934..| 6000.0] 6000.0 400.0
23201.0] 400.0| 60000 6000.0] 6000.0] 4000
200000..| 400.0[ 6000.0] 6000.0] 6000.0] A00.G: -

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Canal Flows
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4. Normal high pool spillway gates
Figure 12 shows the content of “Normal high pool spillway gates”
releases from Spillway with gates controlled outlet.

rule. This rule makes no

Operation Set | Existing Ops ~ | Description @
Zone-Rules | Rel. Alloc. | |
# Flood Control Operates Release From: Holyoke-Spillway with gates
[E Bypass Pipe releases ] .
Rule Name: (3] high pool spillway gates = Description: )

@ Canal Flows
#» Conservation
[ Bypass Pipe releases

®
[ Hydropower-Release 95% Inflow
o [nactive

Function of |pate

Limit Type: |Maximum = | Interp: [Linear | .
w03

Date Release (cfs) Z 0.6

01Jan 00| #7533
& 0.0

m

1

5. Hydropower-Release 95% Inflow
Figure 13 shows the content of “Hydropower —Release 95% Inflow” rule. This rule releases the
95% of inflow through power plant as per the run-of-river modeling strategy.

Operation Set :Existing Ops

v: Description

Zone-Rules | Rel Alloc | |

Jan Mlar Maly JlLI
] Period Average Limit
] Hour of Day Multiplier
7] Day of Week Multiplier
[7] Rising/Falling Condition

Seasonal Variation

T T
Sep  Now

Edit...
Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — Normal high pool spillway gates

w™ Flood Control

[@ Bypass Pipe releases

[@ Bascule Gate

[ Canal Flows

# Conservation

[l Bypass Pipe releases

[@ Mormal high pool spillway gates

#n [nactive

[~ QHydropower-Release 95% Inflow

Operates Release From: Holyoke-Power Plant

Rule Name: ,gwer-Release 95% Inflow | Description:

Function of |Halyoke-Pool Net Inflow, Current Value

Limit Type: |Wini.. «| Interp: [Li. |
Flow (cfs) Release (cfs)
0.0 0.0 =
100000.0 95000.0

-

232

80,000
£ 60,0005
% 50,000
& L e ) Y
1] 30,000 60,000 90,000
Flow {cfs)

"] Period Average Limit
[~] Hour of Day Multiplier

7] Day of Week Multiplier
[7] Rising/Falling Condition

[7] Seasonal Variation

Edit...

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — Hydropower-Release 95% Inflow
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Knightville

l. Overview

Knightville Dam is located on the North Branch of the Westfield River near the town of Knightville in
Hampshire County, Massachusetts, USA. The U.S. Army Corps of Engineers constructed the dam in 1941
and is still owned and operated by the Corps. It is primarily used for flood control but also for
recreation.

Figure 1 shows the location of Knightville Dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of the dam.

Tghtville_In

EIVHE_Coldhiook Diversion gk

g z));::"j)‘; : _,
& *?z\\%g% Sanant Broak_in =
101 @w e

[
est Ware

e
oy

"o

Ly
(@) Connecticut at Mouth
A

Figure 1: HEC-ResSim Map Display Showing Location of Knightville dam
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Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3. The dam consists of
two types of outlets: (1) controlled slide gates, and (2) uncontrolled spillway, as shown in Figure 4. All
physical and operations data were provided by US Army Corps New England District, through both a
previously created ResSim model and the Reservoir Regulation Team website®.

* http://rsgisias.crrel.usace.army.mil/nae/cwms_map.map_index
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Reservoir Edit Pool

- ™
ﬂ Reservoir Editor - u
S —— ——

Resenoir Description E]| (W][«] o 0f74|m@

Physical | operations | Observed Data|
A Krightille Knightville-Paal
& [
@ Linear Interpolation ) ConicInterpolation  Initial Conic Depth (7) l:l
Elevation Storage Area
(ft) (ac-ft) (acre)
480.00 0.00 0.00]
490,00 73.00 1200)
492.00 112.00 14.00
494.00 153.00 16.00 iy
496.00 195.00 2000)=| o 560
49800 24400 25.00 S
500.00 294.00 30.00 B bany
502.00 384.00 36.00 480
504.00 475.00 4500/ TTTTTTTTT
506.00 592.00 55.00 2 410 T
506.00 710.00 65.00 Stor (ac-f)
510.00 §72.00 75.00
512.00 1035.00 87.00 GO0
514.00 1235.00 100.00 _ sand
516.00 1435.00 115.00 =
513.00 1705.00 125.00 & @y
520.00 1975.00 14500 480
522.00 2317.00 160.00 TTT T T
524.00 2660.00 185.00 0 400 =00
526.00 3045.00 205.00 Area (acre)
526.00 3430.00 220.00
530.00 3857.00 230.00
532.00 4785.00 240.00
534.00 4802.00 255.00) -
[ OK ] [ Cancel Apply

% T = = =—

Figure 3: Reservoir Editor: Physical Tab -- Pool

- ™

m Reservoir Editor - u

Reservoir Edit Dam

Reservoir Description E]| (1][4] 9 or7a | ][m]

Ehysical | Operations | Observed Data|

Knightville-Dam

Elevation attop of dam {ﬂ)| 530_0‘

Length attop of dam (ft) | 1200_0‘

Composite Release Capacity

Elevation Controlled | Uncontrolled Total
(it) (cfs) (cfs) (cfs) e mmaas
480.0 0.0 0.0 0.0/~ § E
490.0|  1,066.0 0.0/ 1,066.0[ | & & 5407
500.0 2,860.0 0.0 2,860.0 2 4807
510.0 4,260.0 0.0 4,260.0 TTTTTT
520.0|  5,160.0 0.0/  s5,160.0 L 2
530.0 5,900.0 0.0 5,900.0 = Flon
540.0 §,540.0 0.0 §,540.0 (ofg)
542.0 6,666.0 0.0 6, 666.0
610.0 6,666.0 0.0 6, 666.0
611.0 £,666.0 2,000.0 5, 666.0
§12.0 6,666.0 4,000.0[ 10, 666.0)—
§13.0 6,666.0 7,000.0] 13, 666.0
614.0 6,666.0)  10,000.0] 16,666.0
§15.0 6,666.0) 14,000.0] 20,666.0
§16.0 §,666.0 19,000.0| 25,666.0
617.0 6,666.0]  24,000.0 30, 666.0
£12.0 6,666.0) 31,000.0] 37,666.0
§19.0 6,666.0 37,500.0] 44,166.0
§20.0 6,666.0 45,500.0 52,166.0
§21.0 6,666.0] 54,000.0] &0,666.00 7
[ ok ][ cancel Apply
. —— = = = J

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release

through analysis of the rules contained within each zone. Figure 5 shows the definition of Knightville’s
“ExistingOps” operational zones, which consist of zones of Surcharge (630 ft), Flood Control (610 ft),

Conservation (481-505 ft), and Inactive zone (480 ft).

i -
EI Reservoir Editor

5]

Reservoir Edit Operations Zone Rule IF_Block

Reservoir il-(nightville vj Description

Physical | Qperations | Observed Data

O [W][a] gor74|m][m]

[l Gate Ops to Save Dam
- [l Maximum Release from Controlled Outlets Function of | pate
[l Minimum ABF Release

--[l Connecticut at Montague - Linear

[l Connecticut at Hartford - Linear Date Top Elevation (ft)
- [l Westfield at Huntington - Linear 01Jan 505.0
[l Downstream control at Westfield 30Apr 505.0
A Flood Control 01May 431.0
[l Maximum Release from Controlled Outlets || [30MNov 481.0
[l Minimum ABF Release 01Dec 505.0

[l Connecticut at Montague - Linear

--[l Connecticut at Hartford - Linear

- [l Westfield at Huntington - Linear

[l Downstream control at Westfield

[l Max Flow ROC-Increasing

-l ABF Maximum rate of decrease

=-{ } Restrict rate of pool level drop

-l Max Qutflow equals 21 day max Inflow

_Jconservation

- [l Maximum Release from Controlled Outlets

--[l Min Flow Logic - Knightville

-l Connecticut at Montague - Linear
[l Connecticut at Hartford - Linear

- [l Westfield at Huntington - Linear
-l Downstream control at Westfield
[l Max Flow ROC-Increasing

[l ABF Maximum rate of decrease

=-{ } Restrict rate of pool level drop

WA [nactive Zone Sort Elevation

Operation Set :Existing Ops v: Description E]
Zone-Rules | | |

Surch B
| SNcliasne Storage Zone |Consernvation Description o

Elevation ()

540
520
500
590
560
540
520
5007 =
480 '

460 T T T T T
Jan Mar May Jul Sep Moy

ok || cancer |[ appy

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops. As described in the Simulation/Verification section of the report, adjustments were made
to the operations to closer match gauge data.

B Reservoir Editor R L) c<crvoir Editor | —

Reservoir Edit Operations Zone Rule IF_Block Reservoir Edit Operations Zone Rule IF_Block
Resenoir | Knightuille » | Description | Resenoir :Knightville v: Description
Physical| Operations | Opserved Data Physical| Qperations | Observed Data
Operation Set _E}{isting Ops Operation Set | Existing Ops v | Dest
Zone-Rules
Zone-Rules | | | | _ | l | |
=X BYRestrict rate of pool level drop -
|8 Surcharge == IF (Pool elev >=5821)
""" [@ Gate Ops to Save Dam ¢ [l Maximum Release from Controlled Qutlets
----- @ Maximum Release from Controlled Qutlets El -} ELSE IF (Pool elev == 576 & <582 ft)
""" [@ Minimum ABF Release ¢ [H Restrict release for pool 576-582
----- [@ Connecticut at Montague - Linear EI -lr ELSE IF (Pool elev==570 & =576 ft)
----- (@ Connecticut at Hartford - Linear ¢ [B Restrict release for pool 570-576
----- [E Westfield at Huntington - Linear El -l" ELSE IF (Pool elev ==562.5 & < 570 ft)
----- @ Downstream control at Westfield . [B Restrict release for pool 562.5-570
| Flood Control =k -Ir ELSE IF (Pool elev ==555 & =562.5) 3
----- [@ Maximum Release from Controlled Outlets -8 Restrict release for pool 555-562.5
..... [ Minimum ABF Release =8 = ELSE IF (Pool elev == 547.5 & <555)

P [ Restrict release for pool 547.5-555
E| * ELSE IF (Pool elev == 540 & =547 5 ft)
. @ Restrict releases for pool 540-547.5
E| * ELSE IF (Pool eley ==532.5 & =540 ft)
Lo B Restrict releases for pool 532.5-540

----- [ Connecticut at Montague - Linear

----- [B Connecticut at Hartford - Linear [
----- [E Westfield at Huntington - Linear

----- [B Downstream control at Westfield

m

""" [@ Max Flow ROC-Increasing = = ELSE IF (Pool elev >=525 & <5325 )
----- @ ABF Maximum rate of decrease . L.[B Restrict releases for pool 525-532 5
- } Restrict rate of pool level drop = .} ELSE IF (Pool elev ==520 & <525 ft)

""" [ Max Qutflow equals 21 day max Inflow ¢ [l Restrict releases for pool 520-525

I Jconservation | =8 = ELSE IF (Pool elev>=515 & <520 )
----- [B Maximum Release from Controlled Qutlets ¢ i-[@ Restrict release for pool 515-520
----- [@ Min Flow Logic - Knightville El -P ELSE IF (Pool elev==510 & =518) P
----- [ Connecticut at Montague - Linear . [l Restrict releases for pool 510-515
----- B Connecticut at Hartford - Linear E‘ "" ELSE IF (Pool elev ==505 & =510 ft)
..... @ Westfield at Huntington - Linear . -[W Restrict release for pool 505-510
----- [@ Downstream control at Westfield - ™ ELSE IF (Pool elev>=500 & <505 1)

S [B Restrict release for pool 500-505
== -I'r ELSE (Pool elev =500 ft)
------ [E Restrict release for pool <500 fi o

----- @ Max Flow ROC-Increasing

----- [ ABF Maximum rate of decrease
#-{ } Restrict rate of pool level drop
l.- Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

237



Knightville

C.

0

Rule Descriptions

1. Gate Ops to Save Dam

Figure 7 shows the content of “Gate Ops to Save Dam” rule. This rule represents the maximum
allowable release from Slide gates as a function of pool elevation when the pool is in Surcharge

zone.

peration Set :Existing Ops

v: Description

Zone-Rules | I |

3

@™ Surcharge

----- —RGate Ops to Save Dam

----- [E Maximum Release from Controlled Outlets
----- @ Minimum ABF Release

----- [l Connecticut at Montague - Linear

----- @ Connecticut at Hariford - Linear

""" [l Westfield at Huntington - Linear

""" [E Downstream control at Westfield

™ Flood Control

----- [l Maximum Release from Controlled Qutlets
----- @ Minimum ABF Release

""" [l Connecticut at Montague - Linear

""" [E Connecticut at Hartford - Linear

----- @ Westfield at Huntington - Linear

""" [E Downstream control at Westfield

----- [ Max Flow ROC-Increasing

----- [l ABF Maximum rate of decrease

t-{ } Restrict rate of pool level drop

""" [ Max Qutflow equals 21 day max Inflow

s Conservation

----- B Maximum Release from Caontrolled Qutlets
----- @ Min Flow Logic - Knightville

----- [ Connecticut at Montague - Linear

""" [l Connecticut at Hartford - Linear

""" [l Westfield at Huntington - Linear

----- @ Downstream control at Westfield

----- [ Max Flow ROC-Increasing

----- [ ABF Maximum rate of decrease

3

t-f } Restrict rate of pool level drop

o [nactive

Limit Type: | Maxi..

Operates Release From: Knightville-Slide Gates

Rule Name: | Gate Ops to Save Dam

- | Interp: L -

Description:

Elev (ft) Release (cfs)
610.0 4500.0| -
611.0 2500.0
612.0 500.0
614.0 400.0
616.0 1200.0
618.0 1300.0
620.0 8100.0
622.0 14000.0
630.0 14500.0

-

Function of: | pgg| Elevation, Period Average, 0.0 hrlag, 48.0 hr period Define...

16,000

12,000+

2,000

4,000

Release (cfs)

0 T T T T T T

T
B12 B16 G20 624 628
Elew ()

["] Period Average Limit
["] Hour of Day Multiplier
[7] Day of Week Multiplier

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet —Gate Ops to Save Dam
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2. Maximum Release from Controlled Outlets
Figure 8 shows the content of “Maximum Release from Controlled Outlets” rule. This rule
represents the maximum allowable release from Slide gates.

Operation Set :Existing Ops

- Description

Zone-Rules | I |

@™ Surcharge

--[l Gate Ops to Save Dam

= FMaximum Release from Controlled Qutlets
--[l Minimum ABF Relgase

[l Connecticut at Montague - Linear

--[l Connecticut at Hartford - Linear

- [l Westfield at Huntington - Linear

--[l Downstream control at Westfield

s Flood Control

-[l Maximum Release from Controlled Qutlets
-[H Minimum ABF Release

[l Connecticut at Montague - Linear

--[l Connecticut at Hartford - Linear

- [l Westfield at Huntington - Linear

--[l Downstream control at Westfield

--[l Max Flow ROC-Increasing

[l ABF Maximum rate of decrease

#-{ } Restrict rate of pool level drop

- [l Max Outflow equals 21 day max Inflow

o Conservation

- [l Maximum Release from Controlled Qutlets
[l Min Flow Logic - Knightville

--[l Connecticut at Montague - Linear

[l Connecticut at Hartford - Linear

--[l Westfield at Huntington - Linear

- [l Downstream control at Westfield

-l Max Flow ROC-Increasing

- [l ABF Maximum rate of decrease

- } Restrict rate of pool level drop

o (nactive

Operates Release From: Knightville-Slide Gates

Rule Name: 'ge from Controlled Qutlets | Descri
Function of |pate
Limit Type:

Maxi.. | Interp: (L. « |

Date
01Jan

Release (cfs)
4500.0| ~

Release (ifs)

]
O
O

ption:

4,540

4,520

4,500

4,480

4,460

Jan My Sep

Period Average Limit
Hour of Day Multiplier
Day of Week Multiplier

Seasonal Variation

d

[7] Rising/Falling Condition

Edit...

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Maximum Release from Controlled

Outlets
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3. Minimum ABF Release

Figure 9 shows the content of “Minimum ABF Release” rule. This rule represents the minimum
required release from dam during flood control operations.

Operation Set jExisting Ops vi Description E]
Zone-Rules | | |
#* Surcharge Operates Release From; Knightville-Dam

[l Gate Ops to Save Dam S — R

[l Maximum Release from Controlled Outlets || ~1'€ WaME: | Minimum ABF Release Escription: L

-

L

-

B Y Minimum ABF Release

[l Connecticut at Montague - Linear
[l Connecticut at Hartford - Linear
[l Westfield at Huntington - Linear
[l Downstream control at Westfield

Flood Control

-[B Maximum Release from Controlled Qutlets
[l Minimum ABF Relgase

[l Connecticut at Montague - Linear

[l Connecticut at Hartford - Linear

[l Westfield at Huntington - Linear

[l Downstream control at Westfield

[l Max Flow ROC-Increasing

[l ABF Maximum rate of decrease

{ } Restrict rate of pool level drop

[l Max Outflow equals 21 day max Inflow

Conservation

[l Maximum Release from Controlled Outlets
--[@ Min Flow Logic - Knightville

[l Connecticut at Montague - Linear

[l Connecticut at Hartford - Linear

[l Westfield at Huntington - Linear

[l Downstream control at Westfield

[l Max Flow ROC-Increasing

-l ABF Maximum rate of decrease

{ } Restrict rate of pool level drop
Inactive

Function of |pate

Limit Type: |Mini. - | Interp: (L«

Date

Release (cfs)

01Jan

80.0

=

80.6
80.44
80.2
80.0
79.5
796
9.4
9.2 L—

Jan M ay

Release (cfs)

T
Sep
[7] Period Average Limit
[ Hour of Day Multiplier

[7] Day of Week Multiplier
[7] Rising/Falling Condition

Seasonal Variation

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet —Minimum ABF Release
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4. Connecticut at Montague-Linear
Figure 10 shows the content of “Connecticut at Montague-Linear” rule. This rule represents the
maximum allowable release from the dam as a function of the previous day stage at Montague.
The previous day stage was used to account for the delay that occurs between the stage
exceeding the specified target and the change in operations at the flood control dams that

occurs in reality.

Operation Set :Existing Ops v: Description )
Zone-Rules | | |
wh Surcharge Operates Release From: Knightville

----- @ Gate Ops to Save Dam e — _ R

----- @ Maximum Release from Controlled Qutlets Lie NMame: | cticut at Montague - Linear | Lescriplion. 8]

""" @ Minimum ABF Release

----- &

----- [@ Connecticut at Hartford - Linear

""" [E Westfield at Huntington - Linear

----- @ Downstream control at Westfield

M Flood Control

----- [l Maximum Release from Controlled Qutlets
----- [l Minimum ABF Release

----- [ Connecticut at Montague - Linear

""" @ Connecticut at Harford - Linear

----- @ Westfield at Huntington - Linear

----- [l Downstream control at Westfield

----- [ Max Flow ROC-Increasing

""" [l ABF Maximum rate of decrease

#-{ } Restrict rate of pool level drop

""" [l Max Qutflow equals 21 day max Inflow
o™ Conservation

----- [l Maximum Release from Controlled Qutlets
----- [ Min Flow Logic - Knightville

----- [@ Connecticut at Montague - Linear

""" B Connecticut at Hariford - Linear

----- @ Westfield at Huntington - Linear

""" [l Downstream control at Westfield

----- [ Max Flow ROC-Increasing

""" @ ABF Maximum rate of decrease

=-{ } Restrict rate of pool level drop

N [nactive

Function of | Connecticut at Montague Stage, Previous Value

Limit Type: |Maxi. - | Interp: [Li. -
Stage (ft) Release (cfs)

0.0 4500.0| »
26.0 4500.0
27.0 3600.0
28.0 2700.0
29.0 1800.0
30.0 a00.0
31.0 0.0
50.0 0.0

-

5,000

4,000
3,000
2,000-
1,000

Release (cfs)

(U s s s e o
o 10 20 30 40 a0

Stane ()

[7] Period Average Limit
[~ Hour of Day Multiplier

[7] Day of Week Multiplier
[ Rising/Falling Condition
[7] Seasonal Variation

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at Montague-Linear
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5. Connecticut at Hartford-Linear
Figure 11 shows the content of “Connecticut at Hartford-Linear” rule. This rule represents the
maximum allowable release from dam as a function of previous day stage at Hartford. The
previous day stage was used to account for the delay that occurs between the stage exceeding
the specified target and the change in operations at the flood control dams that occurs in

reality.

Operation Set :Existing Ops

v: Description

Zone-Rules | | |

@ Surcharge

----- B Gate Ops to Save Dam

----- B Maximum Release from Controlled Qutlets
----- @ Minimum ABF Release

""" B Connecticut at Montague - Linear

----- ®

----- @ Westfield at Huntington - Linear

----- @ Downstream control at Westfield

i Flood Control

----- B Maximum Release from Controlled Qutlets
----- @ Minimum ABF Release

""" B Connecticut at Montague - Linear

""" [l Connecticut at Hartford - Linear

----- @ Westfield at Huntington - Linear

----- @ Downstream control at Westfield

----- @ Max Flow ROC-Increasing

""" B ABF Maximum rate of decrease

-{ } Restrict rate of pool level draop

----- @ Max Qutflow equals 21 day max Inflow

@ Conservation

----- @ Maximum Release from Controlled Qutlets
----- @ Min Flow Logic - Knightville

----- [@ Connecticut at Montague - Linear

""" @ Connecticut at Hartford - Linear

----- @ Westfield at Huntington - Linear

""" [ Downstream control at Westfield

""" B Max Flow ROC-Increasing

----- @ ABF Maximum rate of decrease

=-f } Restrict rate of pool level drap

o [nactive

Limit Type: | Maxi..

Operates Release From: Knightville
Rule Name: gcticut at Hartford - Linear | Description: [

Function of | Connecticut at Hartford Stage, Previous Value

- | Interps L

-

Stage (ft) Release (cfs)
0.0 4500.0
18.0 4500.0
18.0 3600.0
200 2700.0
21.0 1800.0
220 900.0
23.0 0.0
50.0 0.0

-

5,000

4,000-
3,000-
2,000

Releasze (cfz)

1,000+

(U s s s e e e e
o 10 20 30 40 &0

Stage ()
[7] Period Average Limit
[ Hour of Day Multiplier
[7] Day of Week Multiplier

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at Montague-Linear
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6. Westfield at Huntington-Linear
Figure 12 shows the content of “Westfield at Huntington-Linear” rule. This rule represents the
maximum allowable release from dam as a function of previous day stage at Huntington. The
previous day stage was used to account for the delay that occurs between the stage exceeding
the specified target and the change in operations at the flood control dams that occurs in

reality.

Operation Set :Existing Ops

v: Description

Zone-Rules | I |

M Surcharge

----- [@ Gate Ops to Save Dam

----- [E Maximum Release from Controlled Qutlets
----- @ Minimum ABF Release

""" [@ Connecticut at Montague - Linear

""" [E Connecticut at Hartford - Linear

----- )

----- [B Downstream contral at Westfield

@ Flood Control

----- [ Maximum Release from Caontrolled Qutlets
----- [@ Minimum ABF Release

----- [@ Connecticut at Montague - Linear

----- [B Connecticut at Hartford - Linear

""" [E Westfield at Huntington - Linear

----- [B Downstream control at Westfield

""" @ Max Flow ROC-Increasing

----- [E ABF Maximum rate of decrease

E-{ } Restrict rate of pool level drop

""" [E Max Qutflow equals 21 day max Inflow

@ Conservation

----- [ Maximum Release from Caontrolled Qutlets
----- [@ Min Flow Logic - Knightville

----- [@ Connecticut at Montague - Linear

----- [B Connecticut at Hartford - Linear

""" [E Westfield at Huntington - Linear

----- [B Downstream control at Westfield

""" @ Max Flow ROC-Increasing

----- [E ABF Maximum rate of decrease

E-{ } Restrict rate of pool level drop
M [nactive

Operates Release From: Knightville

Rule Name: figid at Huntington - Linear| Description: )

Function of: \Westfield at Huntington Stage, Previous Value

Limit Type: | Maxi_ | Interp: (L |

Stage (ft) Release (cfs)
0.0 4500.0
75 4500.0
85 3600.0
a5 2700.0
105 1800.0
11.5 900.0
12.5 0.0
50.0 0.0

-

5,000

4,000+
3,000
2,000-
10004

Releasze (cfs)

[ s o s e s e |
0 10 20 30 40 &0

Stage ()
[7] Period Average Limit
[ Hour of Day Multiplier
[7] Day of Week Multiplier

[7] Rising/Falling Condition
[7] seasonal Variation

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — Westfield at Huntington-Linear
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7. Downstream control at Westfield
Figure 13 shows the content of “Downstream control at Westfield” rule. This rule represents the
maximum allowable flow at the downstream point Westfield at Huntington.

Operation Set iExisting Ops 'j Description =]
Zone-Rules | I |
#h Surcharge Operates Release From: Knightville

----- B Gate Ops to Save Dam . o

----- @ Maximum Release from Controlled Outlets Rule Name: |siream control at Westfield Description: |

----- B Minimum ABF Release

""" B Connecticut at Montague - Linear

----- [@ Connecticut at Hartford - Linear

----- B Westfield at Huntingtan - Linear

----- ®

@ Flood Control

----- B Maximum Release fram Controlled Outlets
""" @ Minimum ABF Release

""" [@ Connecticut at Montague - Linear

----- @ Connecticut at Hartford - Linear

""" @ Westfield at Huntingtan - Linear

""" [l Downstream control at Westfield

----- @ Max Flow ROC-ncreasing

----- B ABF Maximum rate of decrease

#-{ } Restrict rate of pool level drop

----- B Max Outflow equals 21 day max Inflow
™ Conservation

----- [l Maximum Release from Controlled Outlets
----- @ Min Flow Logic - Knightville

----- @ Connecticut at Montague - Linear

""" @ Connecticut at Hartford - Linear

""" [l Westfield at Huntington - Linear

----- B Downstream control at Westfield

""" B Max Flow ROC-Increasing

""" @ ABF Maximum rate of decrease

#-{ } Restrict rate of poal level drop

o [nactive

Function of. |pate

Downstream Location: |sstfield at Westfield

Parameter: | Flow

Limit Type: |Maxim._ - | Interp: |Lin_ |

Date
01Jan

Flow (cfs)
11250.0( »

-

11,360
~ 11,3004
i
211,250
& i
= 11,200
11,180
T T T 1
Jdan May  Sep
Period Average Limit Edit...
[~ Hour of Day Multiplier
[7] Day of Week Multiplier
Seasonal Variation Edit...

[7] Flow Contingency Edit...

Advanced Options l

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet —Downstream controlat Westfield
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8. Max Flow ROC-Increasing

Figure 14 shows the content of “Max Flow ROC-Increasing” rule. This rule shows the maximum

allowable increasing release rate of change as a function of release from Knightville dam.

Operation Set :Existing Ops

v: Description

Zone-Rules | | |

@™ Surcharge

----- [ Gate Opsto Save Dam

----- [ Maximum Release from Controlled Qutlets
""" @ Minimum ABF Release

----- [@ Connecticut at Montague - Linear

""" [@ Connecticut at Hartford - Linear

----- [ Westfield at Huntington - Linear

----- [@ Downstream control at Westfield

™ Flood Control

----- [E Maximum Release from Controlled Outlets
----- [@ Minimum ABF Release

""" [E Connecticut at Montague - Linear

----- [B Connecticut at Hartford - Linear

""" [@ Westfield at Huntington - Linear

----- [ Downstream control at Westfield

----- w

----- [E ABF Maximum rate of decrease

#-{ } Restrict rate of pool level drop

----- [E Max Qutflow equals 21 day max Inflow

™ Conservation

----- [ Maximum Release from Controlled Qutlets
----- [E Min Flow Logic - Knightville

""" [E Connecticut at Montague - Linear

----- [B Connecticut at Hartford - Linear

""" [l Westfield at Huntington - Linear

----- [@ Downstream control at Westfield

""" @ Max Flow ROC-Increasing

----- [@ ABF Maximum rate of decrease

= } Restrict rate of pool level drop

™ [nactive

Operates Release From: Knightville-Dam at Westfield River
Release Rate of Change Limit | ax Flow ROC-Increasing

Description: D
Function OF |Release =
Type Increasing -
Interpolate | Linear .|
Release (cfs) Rate Change (cfsihr)
0.0 500.0 550
25000 500.0 500
25001 25001
123456.0 250.0f = 450
= 400
o
fa]
5 360
&
o 300
o
& 350
200 T T T T 1
] f0,000 120,000
Release (cfs)

Figure 14: Reservoir Editor: Operations Tab — Existing Ops OpSet —Max Flow ROC-Increasing
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9. ABF Maximum rate of decrease
Figure 15 shows the content of “ABF Maximum rate of decrease” rule. This rule shows the
maximum allowable decreasing release rate of change.

Operation Set :Existing Ops

v: Description

Zone-Rules | | |

# Surcharge

----- [E Gate Ops to Save Dam

----- [E Maximum Release from Controlled Qutlets
""" M@ Minimum ABF Release

----- [E Connecticut at Montague - Linear

""" [B Connecticut at Hartford - Linear

----- [B Westfield at Huntington - Linear

----- [E Downstream control at Westfield

# Flood Control

----- [E Maximum Release from Controlled Outlets
----- [E Minimum ABF Release

""" [ Connecticut at Montague - Linear

----- [E Connecticut at Hartford - Linear

""" [B Wesffield at Huntington - Linear

----- [E Downstream control at Westfield

----- [B Max Flow ROC-Increasing

----- )

+-{ } Restrict rate of pool level drop

----- [E Max Outflow equals 21 day max Inflow

o Conservation

----- [E Maximum Release from Controlled Outlets
----- [ Min Flow Logic - Knightville

""" [E Connecticut at Montague - Linear

""" [E Connecticut at Hartford - Linear

""" [B Wesffield at Huntington - Linear

----- [B Downstream control at Westfield

""" B Max Flow ROC-ncreasing

----- [E ABF Maximum rate of decrease

- } Restrict rate of pool level drop

N [nactive

Operates Release From: Knightville-Slide Gates

Release Rate of Change Limit | sBF Maximum rate of decrease

Description:

Function Of. 'cunstant -
Type :Decreasing ":
Max Rate of Change (cfsihr) 1500.0

Figure 15: Reservoir Editor: Operations Tab — Existing Ops OpSet —ABF Maximum rate of decrease
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10. Restrict rate of pool level drop

Figure 16 shows the content of “Restrict rate of pool level drop” rule. It shows the maximum
allowable release as a function of Inflow for different ranges of pool elevations.

Cperation Set iExisting Ops

*

Description

Zone-Rules | | |

ER PR estrict rate of pool level drop

E}-P IF (Pool eley ==582 f)

- [l Maximum Release from Controlled Qutlets

B * ELSE IF (Fool elev== 570 & =582 f1)

. [l Restrict release for pool 576-582
B * ELSE IF (Fool elev ==570 & =576 ft)

i [l Restrict release for pool 570-576
B * ELSE IF (Fool elev ==562.5 & = 570 1)

i [l Restrict release for pool 562.5-570
B * ELSE IF (Fool elev ==555 & =562.5)
[ Restrict release for pool 555-562.5
E}* ELSE IF (Fool elev == 547 5 & =555)

¢ ‘-[W Restrict release for pool 547 5-555
B * ELSE IF (Pool elev == 540 & =547 5 11)

: [l Restrict releases for pool 540-547 5
B * ELSE IF (Pool elev==5325 & =540 1)

i [l Restrictreleases for pool 532.5-540
B * ELSE IF (Pool elev ==525 & =532 5 1)

i [l Restrictreleases for pool 525-532.5
B * EL3E IF (Pool elev ==520 & =525 ft)

i [l Restrictreleases for pool 520-525
B = E| SE IF (Poal elev== 515 & <520 ft)

¢ [l Restrict release for pool 515-520
B = E| SE IF (Pool elev==510 & <515)

i [l Restrictreleases for pool 510-515
B * ELSE IF (Fool elev == 505 & =510 ft)

: [B Restrict release for pool 505-510
=8 -_b ELSE IF (Poal elev ==500 & <505 ft)

. [H Restrict release for pool 500-505
E}* ELSE (Pool elev =500 fi)

‘[l Restrict release for pool <500 ft

[B Max Outflow equals 21 day max Inflow

m

Operates Release From: Knightville-Slide Gates

Mame: strict rate of pool level drop | Description: | Preyent pool from dra [

Type Mame Description
IF Pool eley ==582 ft

ELSEIF |Pool elev== 576 & <5821

ELSEIF |Pool elev==570 & <576 ft

ELSEIF |Pool elev==562.5&=5701t

ELSEIF |Pool elev ==555 & <562.5

ELSEIF |Pool elev==547.5 & =555

ELSEIF |Fool elev==540 & =547.51

ELSEIF |Fool elev==532.5 & =5401t

ELSEIF |Pool elev==525 & =532.51

ELSEIF |Pool elev==520 & =525 1t

ELSEIF |Pool elev==515 & =520 ft

ELSEIF |Pool elev==510 & =515

ELSEIF |Pool elev==505 & =510 ft

ELSEIF |Pool elev==500 & =505 ft

ELSE FPool elev <500 ft
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Operation Set | Existing Ops ~ | Description ®)
Zone-Rules | | |
-4 } Restrict rate of pool level drap “ || Operates Release From: Knightville-Slide Gates

== |F (Pool elev ==582 i) ) o

[ Maximum Release from Controlled Outlets Rule Name: | release for pool 576-582 | Description: [

E| * ELSE |F [F'UUl elev == 576 & =582 1)
m
E| * ELSE |F (Poaol elev ==570 & =576 1)
. [l Restrict release for pool 570-576
E| * ELSE IF (Pool elev ==562.5 & = 570 fi)
. --[H Restrict release for poal 562.5-570
E| * ELSE IF (Pool elev ==555 & =562.5)
- [@ Restrictrelease for pool 555-562.5
- ELSE IF (Pool elev >= 547.5 & <555)
. [l Restrict release for pool 547 5-555
E| * ELSE IF (Pool elev == 540 & =547 5 fi)
. ~-[B Restrict releases for poal 540-547 5
E| * ELSE IF (Pool elev == 532.5 & <540 fi)
. [@ Restrictreleases for pool 532.5-540
- ELSE IF (Pool elev >=525 & <532.5 1))
. [l Restrictreleases for pool 525-532.5
E| * ELSE IF (Pool elev ==520 & =525 i)
. ~-[B Restrict releases for poal 520-525
E| * ELSE IF (Pool elev== 515 & =520 fi)
- [ Restrict release for pool 515-520
=+ ELSE IF (Pool elev==510 & <515)
. [l Restrict releases for pool 510-515
E| * ELSE IF (Pool eley == 505 & =510 fi)
. ~-[B Restrict release for pool 505-510
E| * ELSE IF (Pool elev ==500 & <505 ft)
- [@ Restrict release for pool 500-505
= ELSE (Paol elev <500 f)

[l Restrict release for poal <500 ft

Function of | Knightville-Pool Inflow, Current Value

Limit Type: |Maximum v | Interp. [Linear |
Flow (cfs) Release (cfs)
L 0.0 40270 -
4730 4500.0

m

4,500
4,400
4,300
4,200
4,100

(cfs)

Release

40007 T T T 17

Flaw (cfsd

[7] Period Average Limit
[T] Hour of Day Multiplier
[7] Day of Week Multiplier
[T Rising/Falling Condition

[7] seasonal Variation

T
0 100 200 300 400 500

= C| SE IF (Pool elev== 576 & =582 ft)
--[ll Restrict release for pool 576-582
= | SE IF (Pool elev ==570 & =576 fi)
-~
= C|SE IF (Pool elev==562.5 & < 570 ft)
--[ll Restrict release for pool 562.5-570
D ELSE IF (Pool elev ==555 & <562.5)
“-[ll Restrict release for pool 555-562 5
= £ SE IF (Pool elev == 5475 & =555)
[l Restrict release for pool 547.5-555
= C|SE IF (Pool elev == 540 & <547 5 1)
[l Restrict releases for pool 540-547 5
= ELSE IF (Fool elev>=532.5 & <540 ft)
[l Restrict releases for pool 532 .5-540
= ELSE IF (Pool elev =525 & <5325 ft)
[l Restrict releases for pool 525-532.5
= C| SE IF (Pool elev ==520 & =525 1)
[l Restrict releases for pool 520-525
= C| SE IF (Pool elev== 515 & =520 ft)
--[ll Restrict release for pool 515-520
= £ SE IF (Pool elev==510 & =515)
[l Restrict releases for pool 510-515
= E|SE IF (Pool elev==505 & <510 fi)
[l Restrict release for pool 505-510
= E|SE IF (Pool elev==500 & <505 f)
[l Restrict release for pool 500-505
E}-P ELSE (Fool elev <500 fi)
[l Restrict release for pool <500 ft

Function of: | knightville-Pool Inflow, Current Value

|| Limit Type: ‘Maximum | Interp.: [Linear |
Flow (cfs) Release (cfs)
0.0 3617.0| »
8830 4500.0

m

Operation Set :Existing Ops v: Description [:]
Zone-Rules | I | I
=4} Restrictrate of pool level drop “ || operates Release From: Knightiille-Slide Gates
= |F (Pool elev==582 1t} . -
‘[l Maximum Release from Controlled Outlets Rule Name: |1 release for pool 570-576 | Description: L

4,600

4,400:
4,200:
4,DDD:

Release (cfs)

3,800

3,600 T T

Flo (cfs)

[7] Period Average Limit
[] Hour of Day Multiplier
["] Day of Week Multiplier

[ Rising/Falling Condition

[T Seasonal Variation

T T T
0 200 400 800 &0O0

E:
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Operation Set :Existing Ops v: Description [
Zone-Rules | | | I
=-{ } Restrict rate of pool level drop “ || Operates Release From: Knightville-Slide Gates
- = IF (Pool elev==582 i) ) L
Rule Name: |-alease for pool 562.5-570 | Description: =

-l Waximum Release from Controlled Outiets
= ELSE IF (Pool elev== 576 & <582 ft)
[l Restrict release for pool 576-582
- w ELSE IF (Pool elev ==570 & <576 ft)
[l Restrict release for pool 570-576
- w ELSE IF (Pool elev==5G2 5 & < 570 ft)
.
* ELSE IF (Pool elev ==555 & <552 .5)
--[l Restrict release for pool 555-562.5
* ELSE IF (Pool elev == 547 5 & =555)
[l Restrict release for pool 547 5-555
= ELSE IF (Pool elev == 540 & <547 5 1)
[l Restrict releases for pool 540-547.5
= ELSE IF (Pool elev == 532 5 & <540 ft)
-l Restrict releases for pool 532.5-540
- w ELSE IF (Pool elev ==525 & <532 5 ft)
[l Restrict releases for pool 525-532.5
- w ELSE IF (Pool elev ==520 & <525 ft)
[l Restrict releases for pool 520-525
* ELSE IF (Fool elev== 515 & <520 fi)
[l Restrict release for pool 515-520
= ELSE IF (Pool elev==510 & <515)
[l Restrict releases for pool 510-515
= ELSE IF (Pool elev == 505 & <510 ft)
[l Restrict release for pool 505-510
= ELSE IF (Pool elev >=500 & <505 fi)
[l Restrict release for pool 500-505
== ELSE (Pool elev <500 )

[l Restrict release for pool =500 ft

m

Function of: | Knightville-Pool Inflow, Current Value

Limit Type: - Interp.:'l_inear -

Maximum

Flow (cfs) Release (cfs)
3118.0f ~

4500.0

0.0
1382.0

4,400
4,000

3,600

Release i{cfs)

3,200+

T T T 1
i] 400 800

Flow {ofs)

T
1,200

[7] Period Average Limit
[™] Hour of Day Multiplier
[7] Day of Week Multiplier
[T Rising/Falling Conditian

[7] Seasonal Variation

Operation Set | Existing Ops

escription

Zone-Rules | | | |

=-{ } Restrict rate of pool level drop
=8 -D IF (Poal elev ==582 ft)
- b[@ Maximum Release from Controlled Outlets
B * ELSE IF (Pool elev == 576 & <R32 fi)
- [@ Restrictrelease for pool 576-582
=8 -} ELSE IF (Paol elev>=570 & <576 )
[ Restrictrelease for pool 570-576
B * ELSE IF (Pool eley ==562.5 & < 570 ft)
[l Restrict release for pool 562.5-570
B * ELSE |F[F'00| elev> 555 & <562 5)
I
B * ELSE |F[F'00| ele\r> 547, 5&<555}
[ Restrict release for pool 547.5-555
B ‘ ELSE IF (Pool elev == 540 & =547 5 ft)
[ Restrict releases for pool 540-547.5
B * ELSE IF (Pool elev == 532.5 & =540 ft)
. L[l Restrict releases for pool 532.5-540
B * ELSE IF (Pool elev ==525 & <532.5 1)
[ Restrict releases for pool 525-532.5
=8 -} ELSE IF (Paol elev >=520 & <525 f)
- [@ Restrict releases for pool 520-525
B * ELSE IF (Pool elev==515 & =520 fi)
¢ [l Restrict release for pool 515-520
B * ELSE IF (Pool elev==510 & =515)
. [ Restrict releases for pool 510-515
B * ELSE IF (Pool elev == 505 & <510 ft)
. [ Restrictrelease for pool 505-510
B ‘ ELSE IF (Pool elev ==500 & =505 fi)
- [@ Restrictrelease for pool 500-505
E}* ELSE (Pool elev =500 ft)

[l Restrict release for pool =500 ft

m

Operates Release From: Knightville-Slide Gates
Rule Name: -glease for pool 555-562.5 Description:

Function of. | Knightville-Pool Inflow, Current Value

Limit Type: |Maximum = | Interp: [Linear +|
Flow (cfs) Release (cfs)
0.0 2643.0]
1857.0 4500.0

4,400
T 4,000
‘» 3,600
L] -
L1
& 3200
g <
2,800
1T T 1T 1T 1T 1T 17T
0 GO0 1,200 1,300
Flow (cfs)

] Period Average Limit

[ Hour of Day Multiplier E
7] Day of Week Multiplier E
[ Rising/Falling Condition
[] Seasonal Variation
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Operation Set :Existing Ops v: Description [
Zone-Rules | | I |
=-{ } Restrict rate of paal level drop “ || Operates Release From: Knightville-Slide Gates
== |F (Pool elev ==582 ft) ) L
-l Maximum Release from Controlled Qutiets Rule Name: -elease for pool 547 5-555 | Description: e

= ELSE IF (Pool elev == 576 & =582 ft)
[l Restrict release for pool 576-582
= ELSE IF (Pool eley =570 & =576 ft)
B Restrict release for pool 570-576
= ELSE IF (Pool elev >=562.5 & < 570 f)
~[l Restrict release for pool 562.5-570
= ELSE IF (Pool elev >=555 & =552.5)
-l Restrict release for pool 555-562.5
= ELSE IF (Pool eley == 547.5 & <555)
=
= ELSE IF (Pool eley == 540 & =547 5 1t)
-l Restrictreleases for pool 540-547.5
= ELSE IF (Pool eley == 532 5 & =540 ft)
[l Restrict releases for poal 532.5-540
= E| SE IF (Pool eley »=525 & <532 5 ft)
------ B Restrict releases for pool 525-532.5
= C| SE IF (Pool eley >=520 & <525 ft)
[l Restrict releases for pool 520-525
= ELSE IF (Pool elev== 515 & =520 ft)
[l Restrict release for pool 515-520
= ELSE IF (Pool elev==510 & =515)
[l Restrict releases for pool 510-515
= ELSE IF (Pool elev == 505 & <510 ft)
[l Restrict release for pool 505-510
= ELSE IF (Pool elev ==500 & <505 ft)
. [l Restrict release for pool 500-505
B = ELSE (Pool elev <500 )
[l Restrict release for pool =500 ft

Function of: | knightville-Pool Inflow, Current Value

LimitType: |Maximum v | Interp. |Linear |

Flow (cfs) Release (cfs)
2238.0| «

4500.0

0.0
22620

m

4,500
4,000
3,500
3,000

Release (cfg)

2,500

T
i 1,000 2,000

Flow {ofs)

[] Period Average Limit
[] Hour of Day Multiplier
[] Day of Week Multiplier
[ Rising/Falling Condition

[7] seasonal Variation

Operation Set :Existing Ops v:

Description

Zone-Rules | | |

=-{ } Restrict rate of pool level drop
B = IF (Pool elev ==582 1)
[ Maximum Release from Controlled Outlets
E| * ELSE IF (Pool elev == 576 & =582 ft)
. @ Restrict release for pool 576-582
E| * ELSE IF (Paol elev==570 & =576 ft)
S [E Restrict release for pool 570-576
E| * ELSE IF (Pool elev==5625 & = 570 ft)
S [E Restrict release for pool 562.5-570
B * ELSE IF (Pool elev ==555 & =562 5)
P [E Restrict release for poal 555-562.5
B * ELSE IF (Pool eley == 547 .5 & <555)
. [@ Restrict release for pool 547.5-555
B * ELSE |F [F'OUl elev == 540 & =547 5 1t)
I
E| * ELSE |F (Pool elev ==5H325 & =540 1’[}
R B Restrict releases for pool 532.5-540
E| * ELSE IF (Pool elev==525 & =532 51f1)
- [E Restrict releases for pool 525-532.5
E| * ELSE IF (Pool elev ==520 & =525 ft)
P [E Restrict releases for pool 520-525
B * ELSE IF (Pool elev== 515 & =520 ft)
. [l Restrict release for pool 515-520
B * ELSE IF (Pool elev==510 & =515)
- ~[@ Restrict releases for pool 510-515
E| * ELSE IF (Pool elev == 505 & =510 ft)
. @ Restrict release for pool 505-510
E| * ELSE IF (Pool elev ==500 & =505 ft)
R @ Restrict release for pool 500-505
E| * ELSE (Poal elev <500 ft)

------ [E Restrict release for pool <500 ft

Operates Release From: Knightville-Slide Gates

Function of | knightville-Pool Inflow, Current Value

LimitType: |Maximum | Interp: [Linear =
Flow (cfs) Release (cfs)
— 0.0 1822.0(
2678.0 4500.0

m

Rule Name: jeases for pool 540-547.5  Description:

5,000
4,500
4,000
3,5004
3,0004
25004
20004
1,400 T T T 1
0 1,000 2000

Flow (ofs)

Release (tfs)

3,000

[] Hour of Day Multiplier Ed

[T Day of Week Multiplier
[ Rising/Falling Condition
[] Beasaonal Variation

7] Period Average Limit
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Operation Set | Existing Ops ~ | Description @
Zone-Rules | | |
&L } Restrictrate of pool level drop * || Operates Release From: Knightville-Slide Gates

- |F (Pool elev ==582ft) ) o

. [l Maximum Release from Controlled Outlets Rule Name: | jeases for pool 532.5-540 | Description: L

Q---_b ELSE IF (Paol elev>= 576 & <582 1)
[l Restrictrelease for pool 576-582
E| * ELSE IF (Pool elev==570 & <576 fi)
. [ Restrict release for pool 570-576
E| * ELSE IF (Pool elev ==562.5 & < 570 ft)
[ Restrict release for pool 562.5-570
E| ‘ ELSE IF (Pool elev ==555 & <5G62.5)
- [ Restrict release for pool 555-562.5
E}* ELSE IF (Pool elev == 547 .5 & =555)
[l Restrict release for pool 547.5-555
B * ELSE IF (Pool elev == 540 & =547 .5 ft)
[ Restrict releases for pool 540-547.5
=8 -} ELSE IF (Pool eley »= 532.5 & <540 fi)
@
E| * ELSE IF (Pool elev ==525 & <532 5 ft)
¢ [l Restrict releases for pool 525-532.5
E| * ELSE IF (Pool elev ==520 & <525 fi)
j [l Restrict releases for pool 520-525
=2 * ELSE IF (Pool elev== 515 & <520 fi)
. [ Restrict release for pool 515-520
E| * ELSE IF (Pool elev==510 & =515)
. -[H Restrict releases for pool 510-515
E| ‘ ELSE IF (Pool elev == 505 & =510 ft)
- “-[@ Restrict release for pool 505-510
B * ELSE IF (Pool elev ==500 & =505 ft)
. [ Restrict release for pool 500-505
= -_b ELSE (Pool elev <500 ft)

[l Restrict release for pool <500 ft

Function of: | Knightville-Pool Inflow, Current Value

LimitType: |Maximum = | Interp: [Linear |

Flow (cfs) Release (cfs)
— 0.0 1400.0 =
3100.0 4500.0

m

Release (ofs)

1,000 L
0 1,000 2,000

Flowy {cfs)

] Period Average Limit
[] Hour of Day Multiplier
] Day of Week Multiplier
[ Rising/Falling Condition

] seasonal Variation

1
3,000

Operation Set | Existing Ops ~ | Description @
Zone-Rules | | |
=-{ } Restrictrate of pool level drop “ || Operates Release From: Knightville-Slide Gates

- = |F (Pool elev =582 ft) _ .

L e B Maximum Release from Controlled Quilets Rule Name: |,jeases for pool 525-532 5 Description: ]

é-}

o

E
é-r

é-}

o

E
é-r
é-b

o

E
é-r

é-}

B

ELSE IF (Pool elev == 576 & <582 ft)
[E Restrict release far pool 576-582
ELSE IF (Fool elev ==570 & <576 i)

[l Restrict release for pool 570-576
ELSE IF (Pool elev ==562.5 & < 570 ft)
B Restrict release for poal 562.5-570
ELSE IF (Pool elev ==555 & <562.5)

[@ Restrict release for pool 555-562.5
ELSE IF (Pool elev == 547 .5 & «=555)

[E Restrict release for poal 547 .5-555
ELSE IF (Pool elev == 540 & <547 .5 1)
[l Restrict releases for pool 540-547 5
ELSE IF (Pool elev == 532.5 & <540 ft)
B Restrict releases for pool 532.5-540
ELSE IF (F'ool ele\r »=525 & <532.5 ﬂ}
&
ELSE IF (Pool ele\r ==520 & <525 ft)

[E Restrict releases for pool 520-525
ELSE IF (Fool elev==515 & <520 ft)

[l Restrict release for pool 515-520
ELSE IF (Pool elev==510 & =515}

@ Restrict releases for pool 510-515
ELSE IF (Pool elev == 505 & <510 ft)

[E Restrict release for pool 505-510
ELSE IF (Pool elev ==500 & =505 f)

[E Restrict release for pool 500-505
ELSE (Fool elev <500 fi)

[l Restrict release for pool =500 ft

m

Function of. | knightville-Pool Inflow, Current Value

LimitType: |Maximum  «| Interp: [Linear ~

Flow (cfs) Release (cfs)
0.0 999.0| »
3801.0 4500.0

5,000
4,000

3,000

2,000

Release (cfs)

1,000

Flow (ofs)

[ Period Average Limit
[] Hour of Day Multiplier
[7] Day of Week Multiplier
[7] Rising/Falling Condition

[7] Seasonal variation

T T T T T 1
0 1,000 2,000 3,000 4,000
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Operation Set | Existing Ops ~ | Description ©

Zone-Rules | I |

=-{ } Resrict rate of pool level drop || Operates Release From: Knightville-Slide Gates
= IF (Pool elev ==582 ft) ] o
“ [l Maximum Release from Controlled Qutiets Rule Name: | releases for pool 520-525 | Description: |

= ELSE IF (Pool elev == 576 & <582 ft) i
18 Restrict release for pool 576-582 Function of: | Knightville-Poal Inflow, Current Value
= ELSE IF (Pool elev ==570 & <576 ft)
--[l Restrict release for pool 570-576
= ELSE IF (Pool elev ==5G2.5 & < 570 ft)
- Restrict release for pool 562.5-570 AOLES) SEEEEE FE)
= ELSE IF (Pool elev >=555 & <562.5) = 0.0 T27.0| -~
-[l Restrict release for pool 555-562.5 3773.0 4500.0
= E| SE IF (Pool eley == 547 .5 & <555)
[l Restrict release for pool 547 5-555
= ELSE IF (Pool elev >= 540 & <547 5 1) 1,000
[l Restrict releases for pool 540-547.5 T T T T T T
= E|SE IF (Pool eley == 532.5 & <540 ft) 0 1,000 2,000 3000 4000
[l Restrict releases for pool 532 5-540 Flaw (cfg)
= ELSE IF (Pool elev ==525 & <532 5 1)
-[l Restrict releases for pool 525-532.5 [ Period Average Limit
= ELSE IF (Pool elev ==520 & <525 ft)
~@ [C] Hour of Day Muttiplier
= ELSE IF (Pool elev== 515 & <520 ft) -
- Restrict release for pool 515-520 Loz e Lo
= ELSE IF (Pool elev==510 & <515) [T Rising/Falling Condition
-[H Restrict releases for pool 510-515
* ELSE IF (Pool eley == 505 & <510 ft)
-[H Restrict release for poal 505-510
* ELSE IF (Pool elev ==500 & <505 ft)
[l Restrict release for pool 500-505
* ELSE (Poaol elev =500 ft)

LimitType: |Maximum = | Interp: [Linear |

5,000

4,000

3,000+

2,000+

Release (cfs

m

[7] seasaonal Variation

Operation Set :Existing Ops v: Description )

Zone-Rules | | | |

=-{ } Restrict rate of pool level drap “ || operates Release From: Knightville-Slide Gates
- |F (Pool elev ==532 fi) ) o
[l Maximum Release from Controlled Outlets Rule Name: '+ release for poal 515-520 | Description: [

= ELSE IF (Pool elev == 576 & <582 ft) )
[ Restrict release for pool 576-582 Function of | Knightville-Poal Inflow, Current Value
- m ELSE IF (Pool elev ==570 & <576 ft)

-l Restrict release for pool 570-576
- m ELSE IF (Pool elev ==5G2.5 & < 570 ft)
~[@ Restrict release for pool 562.5-570 AU ES), Releaseites)
= ELSE IF (Pool elev ==555 & <562.5) = 0.0 525.0| »
[l Restrict release for pool 555-562.5 3976.0 45000
Q ELSE IF (Pool elev == 547 .5 & <5558)
[l Restrict release for pool 547.5-555
= ELSE IF (Pool elev == 540 & <547 5 ft)
E Restrict releases for pool 540-547.5 0 T T T T T 1
= ELSE IF (Pool elev == 532.5 & <540 ft) 0 1,000 2,000 3,000 4,000
-/l Restrict releases for pool 532.5-540 Flow (cfs)
= ELSE IF (Pool elev »=525 & <532 5 )
- [l Restrict releases for pool 525-532.5 [ Period Average Limit
= ELSE IF (Pool elev ==520 & <525 ft)
[l Restrict releases for pool 520-525 [ Hour of Day Multiplier
= ELSE IF (Pool eleve= 515 & <520 f) -

ﬁ DDE}' of Week ML.I|tID|Ier
ﬂ ELSE IF (Pool elev==510 & =515) [7] Rising/Falling Condition
[ Restrict releases for pool 510-515
= ELSE IF (Paol eley == 505 & <510 ft)
[ Restrict release for pool 505-510
= ELSE IF (Pool elev ==500 & =505 ft)
--[@ Restrict release for pool 500-505
= ELSE (Pool elev <500 ft)

“-[@ Restrict release for pool <500 ft -

Limit Type: |Maximum = | Interp: [Linear |

5,000
4,000
3,000
2,000
1,000

Felease (cfs)

m

[7] seasonal Variation
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Operation Set :Existing Ops v: Description E]
Zone-Rules | | |
=-{ } Restrictrate of paol level drop “ || Operates Release From: Knightville-Slide Gates
== IF (Pool eley ==582 ft) ) L
-l Waximum Release from Controlled Outlets Rule Name: | releases for pool 510-515 | Description: [

= ELSE IF (Pool elev== 575 & <582 )
[l Restrict release for pool 576-582
= ELSE IF (Pool elev ==570 & <576 ft)
[l Restrict release for pool 570-576
= ELSE IF (Pool eley ==562.5 & =570 ft)
[l Restrict release for pool 562.5-570
- = ELSE IF (Pool elev »=555 & <562 5)
[l Restrict release for pool 655-562.5
1w ELSE IF (Pool elev == 547 5 & <555)
--[l Restrict release for pool 547 5-555
-P ELSE IF (Pool elev == 540 & <547 5 t)
--[[@ Restrict releases for pool 540-547.5
-P ELSE IF (Pool elev==532.5 & <540 f)
[l Restrict releases for poal 532.5-540
= ELSE IF (Pool elev =525 & <5325 ft)
--[l Restrict releases for pool 525-532 5
= ELSE IF (Pool elev ==520 & <525 ft)
--[l Restrict releases for pool 520-525
= ELSE IF (Pool elev== 515 & <520 ft)
--[l Restrict release for pool 515-520

- w ELSE IF (Pool elev==510 & <515)

-~
= ELSE IF (Pool elev == 505 & <510 1)
--[l Restrict release for pool 505-510
-P ELSE IF (Pool elev==500 & =505 ft)
--[l Restrict release for pool 500-505
B-P ELSE (Pool elev =500 ft)

[l Restrict release for pool <500 ft

Function of: | knightville-Pool Inflow, Current Value

Limit Type: |Maximum | Interp. Linear |

Flow (cfs) Release (cfs)
— 0.0 352.0| »
4148.0 4500.0

m

5,000
4,000
3,000
2,000
10001

Release (cfs)

]

[ Period Av
[ Hour of D

Flaw {cfs)

erage Limit

ay Multiplier

[ Day of Week Multiplier

[T Rising/Falling Condition

[7] 8easonal Variation

T T T T T 1
1,800 3,000 4,500

E
E:

Operation Set | Existing Ops ~ | Description ™
Zone-Rules | | |
&1 } Restrictrate of pool level drop * || Operates Release From: Knightville-Slide Gates
= |F (Pool elev ==582 i) ) o
[l Maximum Release from Controlled Outlets Rule Name: | release for pool 505-510 | Description: o

= ELSE IF (Pool elev == 576 & <582 ft)
-l Restrict release for pool 576-582
= ELSE IF (Pool elev ==570 & <576 ft)
-/l Restrict release for pool 570-576
= ELSE IF (Pool elev ==5G2.5 & < 570 ft)
- [l Restrict release for pool 562.5-570
= ELSE IF (Pool elev ==5585 & <5G2.5)
[ Restrict release for pool 555-562.5
= E|SE IF (Pool eley == 547.5 & <555)
[l Restrict release for pool 547 5-555
* ELSE IF (Pool eley == 540 & =547 5 ft)
[l Restrict releases for pool 540-547.5
* ELSE IF (Pool eley == 5325 & <540 ft)
[l Restrict releases for pool 532 5-540
= ELSE IF (Pool elev ==525 & <532 5 1)
-/l Restrict releases for pool 525-532.5
= ELSE IF (Pool elev ==520 & <525 ft)
-l Restrict releases for pool 520-525
= ELSE IF (Pool elev== 515 & <520 ft)
[l Restrict release for pool 515-520
= ELSE IF (Pool elev==510 & <515)

-l Restrict releases for pool 510-515
* ELSE IF (Pool eley == 505 & <510 ft)
-M
? ELSE IF (Pool elev ==500 & =505 ft)
[l Restrict release for pool 500-505
* ELSE (Poal elev =500 i)

Function of: | Knightville-Poal Inflow, Current Value

LimitType: |Maximum = | Interp: [Linear |

Flow (cfs) Release (cfs)

— 0.0 232.0| »
4268.0 4500.0

m

5,000
_ 40001
3,000
2,000
10001

Release ({cfs

]

Flowy {fs)

[ Period Average Limit

[T Hour of D

ay Multiplier

[7] Day of Week Multiplier

[7] RisingiFalling Conditian

[[] seasonal

Wariation

T T T T T 1
1,800 3,000 4,500

E
E

di
di
di
di
dit...
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Operation Set :Existing Ops v: Diescription ]
Zone-Rules | | | |
=-{ } Restrict rate of pool level drop “ || Operates Release From: Knightville-Slide Gates

- m |F (Pool elev ==582 ft)

@ Maximum Release from Controlled Outlets Rule Name: |4 release for pool 500-505 | Description: [

= ELSE IF (Pool elev == 576 & <582 i) .
‘..[@ Restrict release for pool 576-582 Function of: | knightuille-Pool Inflow, Current Value
= ELSE IF (Pool elev ==570 & <576 ft)

[l Restrict release for pool 570-576

LimitType: |Maximum | Interp: Linear |

= ELSE IF (Pool elev >=562.5 & < 570 f) 2Ly
[ Restrict release for pool 562.5-570 Flow (cfs) pfeleas pitcs) 4,000
= ELSE IF (Pool elev »=555 & <562.5) =5 0.0 1300) «| & ]
“-[@ Restrict release for pool 555-562.5 4350.0 4500.0 2 30007
= ELSE IF (Pool elev == 547.5 & <556) “ 3000
[l Restrict release for pool 547.5-555 = 7
= ELSE IF (Pool elev == 540 & <547 5 1) e 10007
ﬁ Restrict releases for pool 540-547 5 0 T T T T T T T
= ELSE IF (Pool elev == 532.5 & <540 ft) 0 1,500 3000 4500
[l Restrict releases for pool 532.5-540 = Flaw (cfs)
= E|SEIF (Pool elev ==525 & <5325 ft)
[l Resfrict releases for pool 525-532.5 [F] Period Average Limit
, ELSE IF (Pool elev ==520 & <525 ft)
[ Restrict releases for pool 520-525 [] Hour of Day Multiplier
= ELSE IF (Pool elev== 515 & <520 ft) -
E Restrict release for pool 515-520 [C] Day of Week Multiplier
= ELSE IF (Pool elev==510 & =515) [7] Rising/Falling Condition

[l Restrict releases for pool 510-515

= ELSE IF (Pool elev==505 & <510 ft)
--[l Restrict release for pool 505-510

= E|SE IF (Pool elev==500 & <505 ft)

™~ JRestrict release for pool 500-505

== ELSE (Pool elev <500 ft)

] Seasonal Variation

[l Restrict release for pool =500 ft -

Operation Set | Existing Ops ~ | Description ©
Zone-Rules | | | |
E‘"'{l_j E:SIE'(C; ratle Tfpoo!jlge;e;l}drop * || Operates Release From: Knightville-Slide Gates

- ool elev > = -

I B Maximum Release from Caontrolled Outlets Rule Mame: ict release for pool <500 ft | Description: L]

EI * ELSE IF (Pool elev == 576 & =582 ft) .

" IR Restrict release for pool 576-582 Function of: | Knightville-Pool Inflow, Current Value

EI * ELSE IF (Pool elev ==570 & <576 fi)

------ [ Restrict release for pool 570-576 LimitType: |Maximum | INterp-|Linear

B = ELSEIF (Pool elev ==5625 & <570 f) 5,0007

P [@ Restrict release for pool 562.5-570 FOLES) JEETEE (ES) 4,000

El -b ELSE IF (Pool glev ==555 & <562.5) - 0.0 88.0] »| W ]

. IH Restrict release for pool 555-562.5 44120 4500.0 S 30007

=5 -> ELSE IF (Pool elev == 547.5 & <555) @ 2,000

P [B Restrict release for pool 547.5-555 2 ]

8 = ELSE IF (Pool slev »= 540 & <E47.5 1) e 1.0007

A [E Restrict releases for pool 540-547.5 i} T T T T T T T
= -b ELSE IF (Pool elev == 532.5 & <540 ft) 0 1,500 3000 4,500
5 ------ [E Restrict releases for pool 532.5-540 = Flow (cfs)

=8 -b ELSE IF (Pool elev ==525 & <532.5 ft)

------ [B Restrict releases for pool 525-532.5 [ Period Average Limit

é ‘ ELSE IF (Pool elev ==520 & <525 fi)
R [E Restrictreleases for pool 520-525 [C] Hour of Day Multiplier

= = ELSE IF (Pool eleve=515 & <520 ) -
. I8 Restrict release for pool 515-520 Ll B L B

B = ELSE IF (Pool elev>=510 & <515) | [ Rising/Falling Condiion | E

{0 el [E Restrict releases for pool 510-515 -

B = ELSEIF (Pool elev == 505 & <510 ) [] seasonal Variation

P [E Restrict release for pool 505-510
=8 -P ELSE IF (Pool elev ==500 & =505 ft)
P [B Restrict release for pool 500-505
= -P ELSE (Pool elev =500 fi)

------ |~ JRestrict release for pool <500 ft - X

Figure 16: Reservoir Editor: Operations Tab — Existing Ops OpSet — Restrict rate of pool level drop
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11. Max Outflow equals 21 day max Inflow
Figure 17 shows the content of “Max Outflow equals 21 day max Inflow” rule. This rule
represents the maximum release from dam as a function of the previous 3 weeks of inflow.

Operation Set :Existing Ops v: Description [Z]
Zone-Rules | | |
wh Surcharge Operates Release From: Knightville

----- B Gate Ops to Save Dam e T

----- B Maximum Release from Caontrolled Qutlets ule Name: s equals 21 day max Inflow | DeSCrption: L

----- @ Minimum ABF Release

----- [@ Connecticut at Montague - Linear

""" @ Connecticut at Hartford - Linear

""" [@ Westfield at Huntington - Linear

----- B Downstream control at Westfield

@ Flood Control

----- B Maximum Release from Caontrolled Qutlets
""" @ Minimum ABF Release

----- [ Connecticut at Montague - Linear

----- @ Connecticut at Hartford - Linear

""" [E Westfield at Huntington - Linear

----- @ Downstream control at Westfield

----- B Max Flow ROC-Increasing

----- [ ABF Maximum rate of decrease

=-{ } Restrict rate of poal level drop

----- ®
s Conservation

----- B Maximum Release from Controlled Qutlets
----- @ Min Flow Logic - Knightville

""" B Connecticut at Montague - Linear

----- [ Connecticut at Hariford - Linear

----- @ Westfield at Huntington - Linear

""" [@ Downstream control at Westfield

----- B Max Flow ROC-Increasing

----- B ABF Maximum rate of decrease

#-{ } Restrict rate of pool level drop

™ [nactive

Function of: | _poal Inflow, Period Maximum, 0.0 hr lag, 504.0 hr period

Limit Type: |Maxi.. ~ | Interp: Li. =
Flow (cfs) Release (cfs)
0.0 0.0 ~
4500.0 4500.0
123456.0 4500.0

-

5,000
4,000+

3,000+
2,000+

Release (cfs)

1,000+

1] T 1
I 60,000
Flow {ofs)

T 1
120,000

[7] Period Average Limit

[T Hour of Day Multiplier

["] Day of Week Multiplier
[ Rising/Falling Condition
[T] seasonal Variation

Figure 17: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Outflow equals 21 day max

Inflow
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12.Min Flow Logic - Knightville
Figure 18 shows the content of “Min Flow Logic - Knightville” rule. This rule describes required
seasonal minimum flows from controlled outlets as a function of inflow at Knightville.

Operation Set | Existing Ops ~| Description @

Zone-Rules [Rel,Alloc, [Dutages | Stor. Credit [Dec-Sched,|

% Surcharge Operates Release From: Knightville
[@ Gate Ops to Save Dam e - — —_—
[@ Maximum Release from Controlled Outlets Rule Name: \Ain Flow Logic - Knightville Description: &

@ Minimum ABF Release :
[@ Connecticut at Montague - Linear Function of: |Knightville-Pool Net Inflow, Current Value

[@ Connecticut at Hartford - Linear N = ] r
it Type: imum Interp.: [Lj
[@ Westfield at Huntington - Linear LimitType: | Minimu v | Interp.. Linear v

[@ Downstream control at Westfield
#& Flood Control

@ Maximum Release from Controlled Outlets (cfs) 01Jan 01Apr 01Jun 010ct
@ Minimum ABF Release 0.0 0.0 0.0 0.0 00! ~
@ Connecticut at Montague - Linear 79.99 55093 55.993 55.993 55993
[@ Connecticut at Hartford - Linear 80.0 56.0 56.0 80.0 56.0
[@ Westfield at Huntington - Linear 164.99 115.493 115.493 80.0 115.493 100
[@ Downstream control at Westfield 165.0 165.0 1155 80.0 165.0 0

@ Max Flow ROC-Increasing 549.99 165.0 454.993 80.0 165.0 S0 e0io00
[@ ABF Maximum rate of decrease 650.0 165.0 650.0 80.0 165.0 s
-{ } Restrict rate of pool level drop 123456.0 165.0 550.0 80.0 165.0 EIdw(Cf5)
@ Max Outflow = 21d Max Inflow -
@ Conservation [7] Period Average Limit
ﬁ Maximum Release from Controlled Outlets D Hour of Day Multiplier
]

[@ Connecticut at Montague - Linear [] Day of Week Multiplier
ﬁ Connecticut at Hartford - Linear e - —s
[@ Westfield at Huntington - Linear Il Risinaaliog Condijon
ﬁ Downstream control at Westfield ’z] Seasonal Variation
[@ Max Flow ROC-Increasing

ﬁ ABF Maximum rate of decrease
(+-{ } Restrict rate of pool level drop
™ nactive

700
Flow Release (cfs) 600+
500
400+
3004
200+

Release (cfs)

T

Tomel
120,000

Figure 18: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow Logic - Knightville
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Lake Francis

Lake Francis

l. Overview

Lake Francis (Murphy) dam is located in the town of Pittsburg, NH. It is owned and operated by
TransCanada Hydro Northeast Inc. as a storage reservoir to make releases to its downstream hydro
facilities.

Figure 1 shows the location of Lake Francis as it is represented in the HEC-ResSim model. Figure 2 shows
a photo of Lake Francis.

N ETAMManoose

> )

- F[oodplainm

Lake Francis_In

Laks Francis

b,
(@ Connecticutat Moyt
o

Figuré 1: HEC-ResSim Map Display Showing Location of First Connecticut Dam
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Lake Francis

Figure 2: Aerial photo of Lake Francis

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°°. The dam consists of
seven types of outlets: (1) uncontrolled Bay#1, (2) uncontrolled Bay#5(flashboards all in), (3)
uncontrolled Bay#5(flashboards partly cleared), (4) uncontrolled Bay#2, (5) uncontrolled Bay#3, (6)
uncontrolled Bay#4 , and (7) controlled Tunnel discharge as shown in Figure 4.

*® Data provided by TransCanada
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Lake Francis

— M
K7l Reservoir Editor L _L u
| Reservoir | Edit Pool

Reservoir :LakeFrancis .: Description o W] 150f74|@@
Physical |Qperations Observed Data
A Lake Francis Lake Francis-Pool
&) @
i @ Linear Interpolation ) Coniclnterpolation  Initial Conic Depth (ft)
Elevati Sty Ar
<> Bay #5( flashboards partly cleared) ev: on oraﬂge ea
<> Bay #2(stoplogs in) @ EE) EEE)
<& Bay #3(stoplogs in) 1305.00 0.00 &
&> Bay #4(stoplogs in) 130510 2.00 = 14007
@ Tunnel discharge 1305.20 4.00 1,380
1305.30 7.90 = 1 350:
1305.40 9.90 2 o
1305.50 11.90 ulj ' ~
1305.60 13.90 1,320
| 1305.70 15.90 1300 T T T T
1305.80 17.90 1] 60,000 120,000
1305.90 23.80 Star {ac-f
120010 2560 14003
: : 1,380
1306.20 3170 . 1‘360:
1306.30 35.70 s
1 1306.40 39.70 B 10
1306.50 43.60 13207
1306.50 4560 130047 T T T
1306.70 49.60 0 1,500 3,000 4,500
1306.80 53.60 Area (acre)
1306.90 57.50
1307.00 G1.50
‘ o : 1307.10 65,50 .
OK ] l Cancel Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

f ™
ﬂ Reserveir Editor L _L g
Reservoir Edit Dam

Resenvoir || ake Francis ~ | Description = E@ 15 0f 74 @[E]
Physical | pperations | Observed Data
/A Lake Francis Lake Francis-Dam
Pool
=7 BE ) Elevation attop of dam (ft) 1400.0
----- < Bay #1(stoplogs in)
€y Bay #5( flashboards all in) Length attop of dam (ft) 2200.0
----- < Bay #5( flashboards partly cleared)
----- < Bay #2(stoplogs in) Composite Release Capacity
&> Bay #3(stoplogs in)
..... Q Bay #4(stoplogs in) Elevation Controlled Uncontrolled Total
----- 9 Tunnel discharge (i) (cfs) (cfs) (cfs) 12803
1,302.4 505.0 0.0 505.0)~| 5§ B
1,302.5 570.0 0.0 570.0/2| & & 1393
1,302.6 630.0 0.0 630.0 L 1,320
| 1,302.7 895.0 0.0 695.0 DH1ID”D$D”
1,302.8 755.0 0.0 755.0 d
1,302.9 210.0 0.0 810.0 Flow
1,303.0 870.0 0.0 870.0 (cfs)
1,303.1 925.0 0.0 925.0
1,303.2 975.0 0.0 975.0
1,303.3 1,030.0 0.0 1,030.0
1,303.4 1,080.0 0.0 1,080.0
1,303.5 1,130.0 0.0 1,130.0
1,303.6 1,175.0 0.0 1,175.0
1,303.7 1,220.0 0.0 1,220.0
1,303.8 1,265.0 0.0 1,265.0
1,303.9 1,310.0 0.0 alnealiA,
1,304.0 1,350.0 0.0 1,350.0
1,304.1 1,385.0 0.0 1,385.0| «
r
0K ] [ Cancel Apply
- - A

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Lake Francis

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of First
Connecticut Dam’s “Existing Ops” operational zones, which consist of zones of Top of dam (1400 ft),
Below Top of dam (1399 ft), Conservation (1340.492-1379.249 ft), and Inactive zone (1305 ft). The
Conservation Pool Elevation curve was created from 10 years of weekly average pool elevation®.

' " X . ™
B Reservais Bt R 4 - el Naal e

Reservoir Edit Operations Zone Rule IF_Block
Resenoir :Lake Francis .: Description = [E]@ 15 of 74 [E][E]
Physical| Operations | Observed Data
Operation Set :Existing Ops v: Description C]
Zone-Rules | | | |
@ Top of Dam ) L
Conservation
# Below Top of Dam Storage Zone Description E] I
i@ Min Flow Etctoatol
- B [ eme.._|
[l Tunnel discharge m |
L Jconservation | .
i) E Min Flow Date Top Elevation (ft)
#A [nactive 01Jan 1373.0| = 1 400
10Jan 1364677 !
20Jan 1361.059 1280 -
31Jan 1356.638|=| o TN
10Feb 1352.036 = 1,360
20Feb 1351.095| | %
28Feb 1346.959 1,240
10Mar 1342 767 w
20Mar 1340492 1,320
F1Mar 1343.364
10Apr 1348508 1,300 T T T 1
20Apr 1355 169 Jan Mar day Jul Sep Moy
30Apr 1364.752
10May 1370.713
20May 1375.007
F1May 1377.125
A0 lum 4270 JE0 i [
Zone Sort Elevation
[ Ok ] [ Cancel Apply

E = = S

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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Lake Francis

B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing51.

:i Reservoir Editor

Reservoir Edit Operations Zone R

Resenoir || ake Francis

Physical | Operations | Observed |

Operation Set | Existing Ops

w Top of Dam
™ Below Top of Dam
[ Min Flow
[l Tunnel discharge
-
[l Min Flow
M [nactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

C. Rule Descriptions

1. Min Flow
Figure 7 shows the content of “Min Flow” rule. This rule represents the minimum release from
dam as a function of date.

Operation Set :Existing Ops v: Description E]
Zone-Rules | | |
# Top of Dam Operates Release From: Lake Francis-Dam
™ Below Top of Dam e S
@ Rule Mame: | pin Flow Description: m]
‘[l Tunnel discharge ) )
™ Conservation Function of. | Date
[0 Min Flow _ r , r ,
Limit Type: ini ~ | Interp.: -
WA inactive ype: | Minimum J P | Step J 150
Date Release (cfs) o 1607
01Jan 170.0] | 2 140
01Jun 85.0 § 1204
010ct 170.0 § 1007
80

T T T T T
Jan Mar May Jul Sep Nov

[7] Period Average Limit

[7] Hour of Day Multiplier

7] Day of Week Multiplier

[ Rising/Falling Condition

Seasonal Variation Edit...

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow

> TransCanada. Connecticut River Operational Constraints. 2012.
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Lake Francis

2. Tunnel discharge
Figure 8 shows the content of “Tunnel discharge” rule. This rule represents the maximum release
from the Tunnel discharge gate as a function of pool elevation.

CQperation Set :Existing Cps

v: Description

Elev (ft) Release (cfs)
1302.4 505.0
13025 5700
1302.6 §30.0
1302.7 95.0
1302.8 755.0
1302.9 810.0
1303.0 870.0
1203.1 925.0
1303.2 975.0
1303.3 1030.0
1303.4 1080.0
1303.5 1130.0
1303.6 1175.0
1303.7 1220.0
1303.8 1265.0
1303.9 1310.0
1304.0 1350.0
1304.1 1385.0

et | »

=

L
Zone-Rules | | |
wh Top of Dam Operates Release From: Lake Francis-Tunnel discharge
# Below Top of Dam ) o
L[ Min Flow Rule Name: | Tunnel discharge Description: ]
B B Tunnel discharge )
# Conservation Function of: ||_ake Francis-Pool Elevation, Current Value
8 Min Flow - r 1 r ]
Limit Type: i ~ | Interp. |Li -
A Inactive ype. | Maximum J .. Linear |

4,000
£ 3,000

@ 2,000

i

2 1,000

Ee 1] | 1 1 | | | 1 1 1

1,304 1,308 1,312 1,16
Elev (M)

[ Period Average Limit Edit.

[T] Hour of Day Multiplier
[7] Day of Week Multiplier
[7] Rising/Falling Condition
[7] seasonal Variation

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Tunnel discharge
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Lake Groton

l. Overview

Lake Groton

Lake Groton dam is a dam located in Groton, VT at the headwaters of the Wells River. It is owned and

operated by the State of Vermont Department of Water Resources and is used primarily for recreational

purposes.

Figure 1 shows the location of Lake Groton Dam as it is represented in the HEC-ResSim model, and

Figure 2 shows a photo of Lake Groton Dam.
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Lake Groton

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°°. The dam consists of
four types of outlets: (1) uncontrolled spillway, (2) uncontrolled stop log spillway, (3) uncontrolled Core
wall+ Embankment, and (4) uncontrolled Island as shown in Figure 4.

>2 State of Vermont Dam Inventory. 2010.
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Lake Groton

] Reservair Editor

Reservoir Edit Pool

Resenoir | ake Groton - Desm’pﬁcn|

0 W 2072 (3]0

Physical | Dperations | Observed Data|

12\ Lake Groton

O EH

Q spillway

<> stop log spillway

<> Core wall+ Embarkment
2Ly Island

Lake Groton-Fool

Linear Interpolation () Conic Interpolation  Initial Conic Depth (ft) l:l

Elevation Storage Area

(ft) (ac-ft) (acre)
1067.00 0.00
1072.00 1980.00
1077.00 3860.00
1080.00 5148.00

1,080
1,076
1072

Elew (1)

1,068

T T T
0 2000 4,000 6,000

Stor (ac-f)

1,080
1,076
1,072

Elev (ft)

1,085

T T T T T TT1T
0 1500 3,000 4300

Area (acre)

OK

H Cancel ]| Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

Reservoir Edit Dam

Resenvoir || ake Groton - Description

Bhysical | Operations | Observed Data‘

G| [u](e] 220174 [ ][m]

A Lake Groton

’ Pool

edDan|

& spillway

- stop log spillway

-y Island

-y Core wall+ Embarkment

Lake Groton-Dam

Elevation attop of dam (ft) |

1080.0|

Length attop of dam (ft) |

598.0|

Composite Release Capacity

Elevation Caontrolled
(ft) (cfs)

Uncontrolled
(cfs)

1,086 7

1,077.0

0.0

1,083

on

1,077.5

70.0

£ 1,080

1,078.0

235.0

1,078.5

456.0

Elevat

1,077
TTTTTTT

1,079.0

722.0

0 26000

1,079.5

1,025.0

F o

1,080.0

1,361.0

(cfs)

1,080.5

2,271.0

1,081.0

3,707.0

1,081.5

5,412.0

1,082.0

7,473.0

1,082.5

9,973.0

1,083.0

12,982.0

1,083.5

16,508.0

1,084.0

20,573.0

1,084.5

25,201.0

1,085.0

30,419.0

1,085.5

36,246.0

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Lake Groton

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Lake Groton’s
“Guide Curve” operational zones, which consist of zones of Top of dam (1080 ft), conservation (1077 ft),
Min Pool (1076-1077 ft), and Inactive zone (1070 ft)".

" .
n Reservoir Editor

J

|

Reservoir :Lake Groton

Reservoir Edit Operations Zone Rule IF_Block

- | Description

Physical| Operations | Opserved Data

)| [W](a] 22 0r 74 [ ][m]

Zone Sort Elevation

Operation Set :Guide Curve v: Description C]
Zone-Rules | | |
# Top of Dam : -
e Storage Zone |Conservation Description m)
[l Min Release Function of
Dat
& Iin Pool ate
[l Min Release .
# [nactive Date Top Elevation (ft) 082
01Jan 1077.0 !
1,080
1,0784
€4 org—— L
2
T 1,074
&
w 1,072
1,070
1,068 T | — T

Jan Mar May Jul Sep Moy

Apply

L

L oK -]_[ Cancel

Figure 5: Reservoir Editor: Operations Tab —Guide Curve OpSet — Guide Curve
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Lake Groton

B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named

Guide Curve.

n Reservoir Editor

Reservoir Edit Operations £

Resenvoir :Lake Groton

Physical | Qperations | Obs

Operation Set :Guide Cuni

i Top of Dam
™{Conservation|
[l Min Release
s Min Fool
[l Min Release
o [nactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

C. Rule Descriptions

1. Min release

Figure 7 shows the content of “Min release” rule. This rule represents a seasonal minimum flow

as a function of Inflow.

Operation Set:Guide Curve v: Description [
Zone—RuIes| | |
# Top of Dam Operates Release From: Lake Groton
#™ Conservation = o
ﬁ Rule Name: ||in Release Description: )
o Nin Poal ;
[l Win Release Function of. | ake Groton-Pool Net Inflaw, Current Value
#h [nactive Limit Type: | Minimum | Interp. [Linear -
L J L | .
a
Flow Release (cfs) 2 8]
B a7
(=) | g1Jan | 304pr| 01may | 310ct | 01nov a7
0.0 0.0 0.0 0.0 00| .| £ 00 H Jmloué I E:DDIDDé
10.0 0.0 10.0 10.0 0.0 F'I . '
1000000.0 00/ 100/ 100 0.0 S
[] Period Average Limit
[ Hour of Day Multiplier
[] Day of Week Multiplier
[F Rising/Falling Condition
_| [¥] seasonal variation
Figure 7: Reservoir Editor: Operations Tab - Guide Curve OpSet -
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Lake McDonough

Lake McDonough

l. Overview

Lake McDonough dam is located directly downstream of Barkhamsted Reservoir that feeds into the
Farmington River. It is owned and operated by The Metropolitan District of Hartford, Connecticut

(MDC) and is used for recreation.

Figure 1 shows the location of Lake McDonough as it is represented in the HEC-ResSim model, and

Figure 2 shows a photo for Lake McDonough.
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Figure 1: HEC-ResSim Map Display Showing Location of Lake McDonough
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Lake McDonough

Figure 2: Aerial photo of Lake McDonough

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°>. The dam consists of a
controlled outlet as shown in Figure 4>*.

>* MDC 1999
>* Data from UMASS
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Lake McDonough

| Reservoir Editor

Reservoir Edit Pool

=)

Resenoir ’Lake McDonough

- ] Description |

(| (w]a] 30r74[m](n]

Physical | Operations | Observed Data|

A Lake McDonough

& B
7 Dam

Lake McDonough-Pool

@ Linear Interpaolation

(71 Conic Interpolation

Initial Conic Depth (ft) I:I

Elevation Storage Area
(ft) (ac-t) {acre)
362.00[  100000.00 - 4207
363.00 100001.53 & 400
364.00 100003.07 3 E’ J
365.00 100006.14 r n 330
366.00 100008.21 L 7
367.00 100018.34 3?30 oolo I 1$4|00|0 |1|03|000
368.00 10002455 ’ ’ ’
369.00 100030.69 Stor (ac-ff)
370.00 100046.03 ]
371.00] 10006138 w20
372.00 100079.79 £ 400+
373.00 100101.27 2 e
374.00 10012582 o 380
375.00 100159.58 350_
376.00 100180.27 TT T T 1T
377.00] 10023017 820 880 400 440
378.00[ 10027313 R e
270 00 ANN3210 168 S
[ OK ] [ Cancel ] | Apply
Figure 3: Reservoir Editor: Physical Tab -- Pool
- ™
Reservoir Editor M
Rezervoir Edit Dam
Resenvoir [LakeMd:)onough ,] Description | E]| (][] 30f74|m@
Physical | Operations | Observed Data|
FaN Lak; MTDU”OUQh Lake McDonough-Dam
oo
v Elevation at to
? p of dam (ft)
... @ Contralled Outlet | 120.5)|
Length at top of dam (ft) | 950_0|
Composite Release Capacity
Elevation | Controlled | Uncontrol... Total
(ft) (cfs) (cfs) (cfs) 4204
362.0 0.0 0.0 0.0 5 4p04
420.5| 9,999.0 0.0/ 9,999.0| % gasn:
o ]
SE0TTTTTTTTTIT
0 5,000 10,000
Flosa
[cfz)
OK ] [ Cancel ] | Apply

igure 4: Reservoir Editor: Physical Tab -- Dam
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Lake McDonough

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Lake
McDonough’s “Existing Ops” operational zones, which consist of zones of Top of Dam (420.5 ft),
Conservation (410-417.5 ft), and Inactive zone (362 ft)®.

r = B
K1 Reservoir Editor . - m ﬁ

Reservoir Edit Operations Zone Rule IF_Block
Reservoir jLake McDonough vi Description [ E@ 30f 74 @@
-Eh}'sical Operations | Observed Data
Operation Set iExisting Ops v: Description |From UMass notes: operated for recreation, "From Memarial Diay to Labor [:]5 |
Zone-Rules | | I
s Top of Dam : _—
FfConservation | Storage Zone Conservation Description o ;
wh [nactive Function of |p -
ate
[ Define. ]| |l
Date Top Elevation (ft)
01Jan 410.0] - 42
14Mar 4100 420
15Mar 4175 1T T I~ ]
035ep 417.5 = 410
310 410.0 = 4004
(]
T 390+
z
il
o 3804
3704
360 T T T T T
Jan Mar May Jul Sep Moy
Zone Sort Elevation
ok || cancel apply | ||

Figure 5: Reservoir Editor: Operations Tab — Existing Ops OpSet

B. Rule lllustrations

The operation set for Lake McDonough has no rules of operation making it a flow through reservoir. The
pool elevation will remain at the top of conservation unless the inflow exceeds the total release
capacity.
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Lake Monomonac

Lake Monomonac

l. Overview

Lake Monomonac dam is located in the town of Winchendon, MA on the Monomonac River that flows
into the Millers River. The Town of Winchendon owns and operates the dam and is used primarily for
recreational purposes.

Figure 1 shows the location of Upper Lake Monomonac Dam as it is represented in the HEC-ResSim
model. Figure 2 shows a photo of Lake Monomonac.
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Figure 1: HEC-ResSim Map Display Showing Location of Lake Monomonac Dam
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Lake Monomonac

Figure 2: Photo of Lake Monomonac

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°>. The dam consists of
two types of outlets: (1) an uncontrolled outlet, and (2) a controlled outlet as shown in Figure 4.

> C.T. Male Associates, P.C. Lake Monomonac Dam.
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Lake Monomonac

e

Reservoir Editor

Reservoir Edit Pool

S

Resenvoir [Lake Monamaonac

= ] Description |

sinOEEACD,

Physical | Operations | Observed Data|

A Lake Monomonac

FlPool
-7 Dam
<> Uncontrolled Outlet

4 Controlled Outlet

Lake Monoemonac-Pool

@ Linear Interpolation

() Conic Interpolation

initial Conic Deptn (@) | |

Elevation Storage Area
(ft) (ac-ft) (acre)
1044.00 £440.00 10507
104760 8650.00 91.048-
1048.30 9080.00 5 ]
1042.30 9387.00 @ %]
1049.50 9694.00 1,044
1049.80 10001.00 aoool I?f!oul Igulool 1|0 500
1050.30 10308.00 : ’ ’ ’
Stor (ac-ft)
1,050
= 1,048
E
5 1046
i i
1,044
T T T T TT
012345678
Area(acre)
’ QK ] ’ Cancel ] | Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

rd ™y
Sreworow L ==

Figure 4: Reservoir Editor: Physical Tab -- Dam

Reservoir Edit Dam
Reservoir ’Lake Monomonac v] Description | E]| [1][a] 57 0f74|[£][£]
Physical | Operations | Observed Datal
£ Lake Monomonac Lake Monomaonac-Dam
Paol
Elevation atto
p of dam (ft) .
<> Uncontrolled Qutlet | toae 3|
4 Controlled Outlet Length attop of dam (ft) | 333_0|
Composite Release Capacity
Elevation | Controll... | Uncontr... Total
(ft) (cfs) (cfs) (cfs) 1,063
1,045.0 0.0 0.0 0.0|| 5 10502/
1,046.0 30.0 0.0 30.0( 7 § §;1 0473
1,047.0 70.0 0.0 70.0 o T
1,047.3 99.0 0.0 99.0/[~ 1,044 7T
1,047.6 990 0.0 990 0 4,000 8000
1,048.0 99.0 217, 416.0 Flow
1,048.5 99.0 672.0 771.0[ 4 (cfs)
1,045.0 99.0| 1,106.0| 1,205.0
1,049.5 99.0| 1,606.0] 1,705.0
1,050.0 99.0| 2,165.0| 2,264.0
1,050.5 99.0| 2,832.0( 2,%31.0
1,051.0 99.0| 3,592.0| 3,691.0
1,051.5 99.0| 4,428.0| 4,527.0| _
OK ] l Cancel ] | Apply

274



Lake Monomonac

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Lake
Monomonac Dam’s “Guide Curve” operational zones, which consist of zones of Flood Control (1048.3
ft), Conservation (1045-1047 ft), and Inactive zone (1041 ft)".

- >
EI Reservoir Editor

===

Resenoir | Lake Monomonac

-Ehysical Operations | Observed Data

Reservoir Edit Operations Zone Rule IF Block

- | Description

(| [W][a] 57 of 74 ][]

Operation Set :Guide Curve v: Description [:]
Zone-Rules | | | |
g Flood Control ' -
Conservation
' Storage Zone Description [:]
W [nactive Function of |pate
1l
Date Top Elevation (ft)
| 01Jan 10450| ~| 0497
3Mar 10450 04T
01Apr 10470 ey T 1 ]
30Sep 1047.0| | & 10487 |
010ct 1045.0|=| £ 1.045
= _
3Dec 1045.0 £ 1044
% 1,043
B 1,042
1,041
1,040 T T T T T
- Jan Mar May  Jul Sep Mow
Zone Sort Elevation

OK ] [ Cancel

Apply

Figure 5: Reservoir Editor: Operations Tab — Guide Curve OpSet

B. Rule lllustrations

The operation set for Lake Monomonac Dam has no rules of operation making it a flow through

reservoir. The pool elevation will remain at the top of conservation unless the inflow exceeds the total

release capacity.
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Lake Sunapee

Lake Sunapee

l. Overview

Lake Sunapee dam is located in the town of Sunapee, NH on the Sugar River. It is owned and operated
by the Town of Sunapee and is used for powering the town’s water works pumping station as well as

recreational purposes.

Figure 1 shows the location of Lake Sunapee Dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Lake Sunapee.

L]
'
: WSzcond Connecticut Lake_In]

=

g .O?E;' 1
, i~ I_(,-_q);f.
'C') O"@p‘- ticu Upper Ammons osuc

K T;,u,'zi A4 ‘5)
%C_gﬁ?"_&)?h

i Ov Fond_In
Jot

0 t@%} c(:lg:) Graftan Fand_lIn

Lake Sunapee_In

onnecticut at fltouth £y L

Figure 1: HEC-ResSim Map Display Showing Location of Lake Sunapee Dam
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Lake Sunapee

Figure 2: Photo of Lake Sunapee

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°°. The dam consists of

four types of outlets: (1) controlled Gates, (2) controlled sluice gate, (3) uncontrolled outlet, and (4)
power plant as shown in Figure 4*”.

*® NHDams Data Sheet. Lake Sunapee Dam. 2010
> Operations & Maintenance Plan. Lake Sunapee Dam. 2008.
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Lake Sunapee

Reservoir Editor

Reservoir Edit Pool

Resenoir | | ake Sunapee ~ | Description

) [w]fa] 20 0174 [][m]

Physical | Operations | Observed Daia‘

A ake Sunapee

&

7 Dam

& Tailwater

& Gates

@ sluice gate

& Power Plant

----- <> Uncontrolled Outlet

Lake Sunapee-Pool

Linear Interpolation

() ConicInterpolation

Initial Conic Depth (f)

Elevation Storage Area
{fth {ac-t) {acre)

1075.50 0.00
1090.50 16340.00 9.4
1091.50 18382.50 '
1092.50 22457.50 g 110
1094.50 30637.50 Z 109
1095.50 3472250 [T
1096.50 38307.50 13
1100.00 55147.50
1105.00 7557250
1110.00 95997.00

v
o]
o
o]

TT T T T T TTT
40,000 100,000

Stor {ac-f)

TT T T T 117
2 4 6 8

Area {undefy

10

Figure 3: Reservoir Editor: Physical Tab -- Pool

E7 Reservoir Editor

Reservoir Edit Dam

oK ||

Cancel ] | Apply

Resenvoir | | ake Sunapee ~ | Description

0 (W)@ 29 o7 )

Physical | Operations | Obsenved Data|

- Tailwater

@ Gates

-4 sluice gate

- Power Plant

- Uncontrolled Outlet

Lake Sunapee-Dam

Elevation at top of dam (ft) |

1094.5|

Length at top of dam (ft) |

139.0|

Composite Release Capacity

Elevation Controlled Uncontrolled Total
(ft) (cfs) (cfs) (cfs)
1,084.7 421.0 0.0 421.0|«| §
1,090.5 769.0 0.0 769.0) | &
1,081.5 £69.0 90.0 959.0 2
1,092.5 966.0 255.0 1,221.0
1,093.5 1,061.0 168.0 1,529.0
1,094.5 1,153.0 720.0 1,873.0]&
1,094.7 1,171.0 784.8 1,955.8
1,095.5 1,195.0 1,044.0 2,239.0
1,096.5 1,225.0 1,519.0 2,744.0
1,087.5 1,252.0 2,088.0 3,340.0[ |
1,098.5 1,279.0 4,197.0 5,476.0
1,099.5 1,304.0 §,278.5 7,582.5
1,100.5 1,329.0 8,360.0 9,689.0
1,102.5 1,376.0 14,146.4 15,522.4
1,105.5 1,442.0 22,826.0 24,268.0
1,110.5 1,541.0 41, 658.0 43,199.0
1,115.5 1,631.0 41, 658.0 43,289.0| _

11257
1,110'/J

€ 40953
1,080_\|I\III|

0 25,000

Flaey
(cfs)

Figure 4: Reservoir Editor: Physical Tab -- Dam

278

Apply

Cancel ] |




Lake Sunapee

lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Lake
Sunapee’s “Guide Curve” operational zones, which consist of zones of Maximum pool elevation (1099.2
ft), Top of Dam (1094.5 ft), Conservation (1090.5 ft), and Inactive zone (1075.5 ft)*.

" ]
n Reservoir Editor

S0

Reservoir Edit Operations Zone Rule IF_Block

Resemnoir jLake Sunapee 'i Description )| [w](a] 29 0f 74 | ][m]
Physical| Operations | Observed Data
Operation Set | Guide Curve ~ | Description o
Zone-Rules | | | |
i Maximum pool elevation ; -
: Conservation
[l Maximum release in flooding condition Storage Zone Description E]
#h Top of Dam Function of | -
: ate
[l Maximum release in flooding condition m
._JConservation | :
M~ [nactive Date Top Elevation (ft) 1100
01Jan 1090.5| » !
L
1,095
£ 1,090
=
g
E 1,085
o
"1 080
1,075
T T T T T
Jan Mar May Jul Sep Mov
Zone Sort Elevation
[ QK ] [ Cancel Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve

279



Lake Sunapee

B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Guide Curve.

Ei Reservoir Editor

Reservoir Edit Operations Zone Rule IF_Block

ReSenoir || ake Sunapee v Descrip

Physical | Operations | Opserved Data

Dperation Set :Guide Curve

Zone-Rules | I |

e [Maximum pool elevation
“ [l Maximum release in flooding condition
i Top of Dam

------ B Maximum release in flooding condition

_JConservation

M [nactive

Figure 6: Reservoir Editor: Operations Tab — Guide Curve OpSet — Zones and Rules
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Lake Sunapee

C. Rule Descriptions

1. Maximum release in flooding condition
Figure 7 shows the content of “Maximum release in flooding condition” rule. This rule
represents 750 cfs as a maximum release when the pool elevation is higher than conservation
elevation.

Operation Set :Guide Curve v: Description [:]

Zone-Rules | | | |

#h laximum pool elevation Operates Release From: Lake Sunapee

i [Maximum release in flooding condition i L
@R Top of Dam Rule Name: \|gase in flooding condition | Description: )

------ [l Maximum release in flooding condition

% Conservation Function of | pate

Inactive S r 1 r 1
Ll Limit Type: Maximum  « Interp.:.Linear - |
756
Date Release (cfs) - E
01Jan 7500| .| 2 72
B 7487
o
T 744
T T T T T

Jan Mar May Jul Sep Mowv

[ Period Average Limit
[~ Hour of Day Multiplier

[7] Day of Week Multiplier

-

Figure 7: Reservoir Editor: Operations Tab — Guide Curve OpSet — Maximum release in flooding
condition
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Littleville

Littleville

l. Overview

Littleville Dam is a dam on the Westfield River in Hampden County, Massachusetts. It was constructed
in 1965 by the US Army Corps of Engineers and is still owned and operated by the Corps. It is primarily
used for flood control purposes but is also used for recreation.

Figure 1 shows the location of Littleville Dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of the dam.

nightville_In

"

@)

O WSF_FloodplainZ-Priority Salmon Stockin

Westfield+MB Westfield

B At Is

- C/ _)J'-' P_Coldbrook Divérsion :

West Ware
-

onnetticut at bouth

Figure 1: HEC-ResSim Map Display Showing Location of Littleville dam
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Littleville

Figure 2: Photo of Littleville Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3. The dam consists of
two types of outlets: (1) controlled slide gates, and (2) uncontrolled spillway, as shown in Figure 4. All
physical and operations data were provided by US Army Corps New England District, through both
personal correspondence and the Reservoir Regulation Team website®.

%8 http://rsgisias.crrel.usace.army.mil/nae/cwms_map.map_index
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Littleville

' ™
ﬂ Reservoir Editor E
Reservoir Edit Pool
Resenvoir || itieville + | Description o @@ 8 of 74 @@
Bhysical |Qperaﬁons Observed Data
A Litteville Littleville-Pool
E2JFool]
57 Dam Linear Interpolation ) Conic Interpolation  Initial Conic Depth (f)
4 Slide Gates
< spilway Elevation Storage Area
. (ft) (ac-ft) (acre)
432.00 0.00 0.00] »
435.00 15.00 6.00(
440.00 25.00 12.00 ECL|
445.00 75.00 19.00( = = 520
450.00 150.00 25.00 =Y 480:
455.00 230.00 3s00| | & 77
460.00 400.00 50.00 440+
455.00 700.00 G7.00 U
470.00 1200.00 85.00 o 500 S0/
475.00 1700.00 100.00 Star (ac-fh
480.00 2200.00 120.00
485.00 2800.00 138.00 607
490.00 3600.00 155.00 = 520
495.00 4400.00 175.00 E’ ]
500.00 5300.00 19500 | 2 4807
505.00 G200.00 220.00 440
510.00 7300.00 243.00 T T T T
515.00 8500.00 268.00 0 200 400 OO
518.00 9400.00 275.00 Area (acre)
519.00 9714.00 280.00
520.00 10028.00 283.00
521.00 10143.00 285.00| ~
[ OK ] [ Cancel Apply
L I N - 1 oy
Figure 3: Reservoir Editor: Physical Tab -- Poo
' ™
n Reservoir Editor g
Reservoir Edit Dam
Resenvoir || itieville + | Description o @@ g 0f74|@@
Bhysical | Operations | Observed Data|
A Littieville Littleville-Dam
o Elevation at top of dam (ft) .
@ Slide Gates 396.0
Q Spillway Length at top of dam (ft) 1360.0
. Composite Release Capacity
Elevation Controlled | Uncontrolled Total
(1) (cfs) (cfs) (cfs) sand——
518.0 0.0 0.0 0.0{«| 5 &0
520.0 250.0 0.0 250.0[ | 8 € 540
523.0 B60.0 0.0 860.0 2 s
524.0 966.0 0.0 966.0
525.0 1,030.0 0.0 1,030.0 0 40,000
530.0 1,220.0 0.0 1,220.0(8 Flonw
540.0 1,500.0 0.0 1,500.0 (cfs)
550.0 1,750.0 0.0 1,750.0
560.0 1,960.0 0.0 1,960.0
561.5 2,000.0 0.0 2,000.0)
576.0 2,300.0 0.0 2,300.0
576.8 2,320.0 1,500. 3,820.0
577.0 2,325.0 2,000.0 4,325.0
578.0 2,350.0 5,000.0 7,350.0
579.0 2,375.0 7,500.0 9,875.0
580.0 2,400.0 11,000.0( 13,400.0
582.0 2,450.0 20,500.0( 22,950.0
584.0 2,500.0 33,000.0( 35,500.0] 7
[ OK ] ’ Cancel Apply
L S - - oy

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Littleville

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 4 shows the definition of Littleville’s
“ExistingOps” operational zones, which consist of zones of Surcharge (596 ft), Flood Control (576 ft),
Conservation (518.5 ft), and Inactive zone (518 ft).

- = — ™
El Reservoir Editor ﬁ

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir | Litieville ~ | Description )| [w](a] & or7a|m]m]

Physical | Qperations | Observed Data

Operation Set :Existing Ops v: Description D

Zone-Rules | | | |

™ Surcharge
[l Gate Ops to Save Dam

[l Max release from controlled outlets || Function of
ini pate -
- [@ Minimum ABF Release Define

[l Connecticut at Montague - Linear

Storage Zone | Conservation Description L

[l Connecticut at Hartford - Linear Date Top Elevation (ft) 500
[l Westfield at Huntington 01Jan 518.5| » i
[l Downstream control at Westfield 590
# Flood Control 5804 H
[0 Maxrelease from controlled outlets & 9707
[l Minimum ABF Release ‘= 560
[ Connecticut at Montague - Linear % 5504
[l Connecticut at Hartford - Linear B 540
[ Westfield at Huntington W]
-[@ Downstream control at Westfield
- ; 520
[l Maximum rate of increase
[l Maximum rate of decrease 510 T T T T

T
@-{ } Restrict rate of pool level drop Jan Mar May Jul Sep Moy

[l Max Qutflow = Max 21d Inflow

-

[0 Maxrelease from controlled outlets
- [@ Min Flow Logic - Littleville

[l Connecticut at Montague - Linear
[l Connecticut at Hartford - Linear
[l Westfield at Huntington

[l Downstream control at Westfield |
[l Maximum rate ofincrease
[l Maximum rate of decrease -
[-{ } Restrict rate of pool level drop
N [nactive Zone Sort Elevation

| ok || cancel Apply

B

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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Littleville

B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops. As described in the Simulation/Verification section of the report, adjustments were made
to the operations to closer match gauge data.

K1 Reservoir Editor E7l Reservoir Editor -
Reservoir Edit Operations Zone Rule IF_Bloc Reserveir Edit Operations Zone Rule IF Block
Resenvoir | |jtteyille ~ | Desc Resemnoir || jteville ~ | Description
Operations | Opserved Data Operations | Opserved Data
Operation Set _Existing Ops Operation Set _Existing Ops
Zone-Rules | | | Zone-Rules | | | |
| Surcharge SR PR estrict rate of pool level drop
----- @ Gate Ops to Save Dam 1w |F (Pool level == 573.5 ft)
----- @ Max release from controlled outlets [i Restrict release for pool = 573.5 ft
----- [@ Minimum ABF Release I:—}--_P ELSE IF (Fool elev ==568.5 & = 573.5)
----- [@ Connecticut at Montague - Linear ‘[l Restrict release for pool 568.5-573.5
----- [@ Connecticut at Hartford - Linear = ELSE IF (Pool level ==563.5 & <568.5)
----- W Westfield at Huntington ‘[l Restrict release for pool 563.5-568.5
----- [@ Downstream control at Westfield [-}--_} ELSE IF (Pool level ==558.5 & <563.5)
|s® Flood Control L[l Restrict release for pool 558.5-563.5
----- @ Max release from controlled outlets = m¢ ELSE IF (Pool ==553.5 & <558.5)
----- [@ Minimum ABF Release ..[ll Restrict release for pool 553.5-558.5
----- @ Connecticut at Montague - Linear [-}--_} ELSE IF (Pool level ==548 5 & <553.5)
----- [ Connecticut at Hartford - Linear ‘[l Restrict release for pool 548.5-553.5
----- W Westfield at Huntington = ELSE IF (Pool level *=543.5 & <548 5)
----- [ Downstream control at Westfield ‘[l Restrict release for pool 543.5-548.5
----- @ Maximum rate of increase = ELSE IF (Pool level »=538.50 & <543.5)
----- [ Maximum rate of decrease ‘[l Restrict release for pool 538.5-543.5
#-{ } Restrict rate of pool level drop = ELSE IF (Pool level ==533.5 & <538.5)
----- [l Max Outflow = Max 21d Inflow ‘[l Restrict release for pool 533.5-538.5
= Jconservation | = ELSE IF (Pool elev =523 5 & <533 5)
----- @ Max release from controlled outlets [i Restrict release for pool 523.5-533.5
----- @ Min Flow Logic - Littleville = m ELSE (Pool eley =523.5)
----- @ Connecticut at Montague - Linear [l Max release from controlled outiets
----- [@ Connecticut at Hartford - Linear
----- @ VWestield at Huntington
----- [@ Downstream control at Westfield
----- @ Maximum rate of increase
----- @ Maximum rate of decrease
=-f } Restrict rate of pool level drop
l.n Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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Littleville

C. Rule Descriptions

1. Gate Ops to Save Dam

Figure 7 shows the content of “Gate Ops to Save Dam” rule. This rule represents the maximum
allowable release from Slide gates as a function of pool elevation when the pool is in Surcharge

zone.

Operation Set iExisting Ops 'i Description |
Zone-Rules | | |
wh Surcharge Operates Release From: Littleville-Slide Gates

----- | JGate Ops to Save Dam e — R —

----- @ Max release from controlled outlets uie Name: | Gate Ops to Save Dam escription: L

----- B Minimum ABF Release

----- [ Connecticut at Montague - Linear
----- [ Connecticut at Hartford - Linear
----- [ Westfield at Huntington

----- B Downstream control at Westfield
i Flood Control

----- @ Max release from controlled outlets
----- @ Minimum ABF Release

----- @ Connecticut at Montague - Linear
""" @ Connecticut at Hartford - Linear
""" B Westfield at Huntington

""" @ Downstream control at Westfield
""" @ Maximum rate ofincrease

""" @ Maximum rate of decrease

&-f } Restrict rate of pool level drop

----- @ Max Outflow = Max 21d Inflow

o Conservation

----- @ Max release from controlled outlets
----- [@ Min Flow Logic - Littleville

----- [ Connecticut at Montague - Linear
----- [ Connecticut at Hartford - Linear
----- [ Westfield at Huntington

----- B Downstream control at Westfield
----- @ Maximum rate ofincrease

----- B Maximum rate of decrease

-{ } Restrict rate of pool level drop

o [nactive

Function of: || jitleville-Pool Elevation, Period Average, 0.0 hr lag, 48.0 hr pe

Limit Type: :Ma.ximum v: Interp.: :Linear v:

Elev (ft) Release (cfs)
A76.0 1500.0
A76.8 0.0
A78.0 0.0
579.0 800.0
580.0 2400.0
582.0 2420.0
585.0 2450.0
588.0 2600.0

-

3,000
2,500
2,000
1,500
1,000

SO0

o T T (— T
S7E 578 580 S82 S84 S8E S8%

Elew (1)

Release (cfs)

[7] Period Average Limit

[7] Hour of Day Multiplier

[7] Day of Week Multiplier
[ Rising/Falling Condition

[7] seasonal Variation

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet —Gate Ops to Save Dam
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2. Max release from controlled outlets
Figure 8 shows the content of “Max release from controlled outlets” rule. This rule represents
the maximum allowable release from Slide gates.

Operation Set :Existing Ops

v: Description

Zone-Rules | | I

|.n| Surcharge

- [l Gate Ops m Save Dam

@
[l Minimum ABF Release

[l Connecticut at Montague - Linear
[l Connecticut at Hartford - Linear
-l Westfield at Huntington

-l Downstream control at Westfield
Flood Control

[l Wax release from controlled outlets
-l Minimum ABF Release

[l Connecticut at Montague - Linear
[l Connecticut at Hartford - Linear
-[l Westfield at Huntington

-l Downstream control at Westfield

- [l Maximum rate of increase

-l Maximum rate of decrease

=-f } Restrict rate of pool level drop

- [l Wax Outflow = Max 21d Inflow

| Conservation

[l Max release fram controlled outlets
- [l Min Flow Logic - Littleville

[l Connecticut at Montague - Linear
-l Connecticut at Hartford - Linear
[l Westfield at Huntington

- [l Downstream control at Westfield
[l WMaximum rate of increase

[l Maximum rate of decrease

- } Restrict rate of pool level drop

I.ﬂ Inactive

Operates Release From: Littleville-Slide Gates

Rule Mame: |3se from controlled outlets | Description:

Function of: | pate

Limit Type: | Maximum - Interp. | Linear +
Date Release (cfs)

01Jan 16500.0| »

-

LJ
&

1,515
1,510
1 505

1,500
1 485

Relesse (cfs)

1 490

1,485 T T T T T
Jan Mar May Jul Sep Mow

[7] Period Average Limit
[~ Hour of Day Multiplier

[7] Day of Week Multiplier

[7] Rising/Falling Condition

Seasonal Variation Edit...

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet —Max release from controlled outlets
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3. Minimum ABF Release

Figure 9 shows the content of “Minimum ABF Release” rule. This rule represents the minimum
required release from slide gates during flood control operations.

Cperation Set :Existing Ops v: Description =l
Zone-Rules | | |
wh Surcharge Operates Release From: Littleville-Slide Gates

""" [l Cate Ops to Save Dam . o

----- @ Max release from controlled outlets || XUI® N3Me: [Minimum ABF Release | Description: [

""" [~ EMinimum ABF Release

""" B Connecticut at Montague - Linear
""" [@ Connecticut at Hartford - Linear
""" B Westfield at Huntington

""" [@ Downstream control at Westfield
s Flood Control

""" [ Max release from controlled outlets
""" @ Minimum ABF Release

""" B Connecticut at Montague - Linear
""" [@ Connecticut at Hartford - Linear
----- [@ Westfield at Huntington

----- [B Downstream control at Westfield
----- [ Maximum rate of increase

----- [E Maximum rate of decrease

#-{ } Restrict rate of pool level drop

----- [ Max Outflow = Max 21d Inflow

s Conservation

----- [ Max release from controlled outlets
----- [@ Min Flow Logic - Litleville

----- [@ Connecticut at Montague - Linear
----- [B Connecticut at Hartford - Linear
----- [@ Westfield at Huntington

----- [B Downstream control at Westfield
----- [ Maximum rate of increase

----- [E Maximum rate of decrease

#-{ } Restrict rate of pool level drop

o [nactive

Function of: | pate

Limit Type: jl'u'linimum -.j Interp.: jLinear vj

Date

Release (cfs)

01Jan

25.0

-

2527
2517

250
2497

Relesse (cfs)

2457

T T T T T
Jan Mar May Jul Sep Mow

[7] Period Average Limit
["] Hour of Day Multiplier
[] Day of Week Multiplier

[ Rising/Falling Condition

Seasonal Variation Edit...

Edit

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet —Minimum ABF Release
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4. Connecticut at Montague-Linear
Figure 10 shows the content of “Connecticut at Montague-Linear” rule. This rule represents the
maximum allowable release from the dam as a function of the previous day stage at Montague.
The previous day stage was used to account for the delay that occurs between the stage
exceeding the specified target and the change in operations at the flood control dams that

occurs in reality.

Operation Set iExisting Ops 'i Description E]
Zone-Rules | | |
wh Surcharge Operates Release From: Littlevilla

----- [ Gate Ops to Save Dam T : S

----- @ Max release from controlled outlets Uie Name: cticut at Montague - Linear| DeScription: L

----- @ Minimum ABF Release

----- ®
----- [ Connecticut at Hartford - Linear
----- [ Westfield at Huntington

----- B Downstream control at Westfield
#® Flood Control

----- @ Max release from controlled outlets
----- @ Minimum ABF Release

----- @ Connecticut at Montague - Linear
----- @ Connecticut at Hartford - Linear
""" B Westfield at Huntington

""" @ Downstream control at Westfield
""" @ Maximum rate ofincrease

""" @ Maximum rate of decrease

&-f } Restrict rate of pool level drop

----- [ Max Qutflow = Max 21d Inflow

o Conservation

----- @ Max release from controlled outlets
----- [@ Min Flow Logic - Littleville

----- [ Connecticut at Montague - Linear
----- [ Connecticut at Hartford - Linear

----- [ Westfield at Huntington

----- B Downstream control at Westfield
----- @ Maximum rate of increase

----- B Maximum rate of decrease

[=--f } Restrict rate of pool level drop

o [nactive

Function of |Connecticut at Montague Stage, Previous Value

Limit Type: :Ma.ximum v: Interp.: :Linear v:

Stage (ft) Release (cfs)

0.0 1500.0
26.0 1500.0
270 1200.0
280 900.0
29.0 600.0
30.0 300.0
31.0 0.0
50.0 0.0

-

1,500

1,200

G001

400

Release (cfs)

0 T T T T T T T 1
0 5 1015 20 2530 35 40 45 50

Stage (ft)
[7] Period Average Limit
[7] Hour of Day Multiplier
[7] Day of Week Multiplier

[ Rising/Falling Condition

[7] seasonal Variation

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet —Connecticut at Montague-Linear
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5. Connecticut at Hartford-Linear
Figure 10 shows the content of “Connecticut at Hartford-Linear” rule. This rule represents the
maximum allowable release from dam as a function of previous day stage at Hartford. The
previous day stage was used to account for the delay that occurs between the stage exceeding
the specified target and the change in operations at the flood control dams that occurs in
reality.

Operation Set :Existing Ops v: Description [:]

Zone-Rules | | |

M Surcharge
""" [l Gate Ops to Save Dam o
----- [ Max release from controlled outlets || <& N3ME hecticut at Hartford - Linear | Description: )

----- [E Minimum ABF Release

..... [® Connecticut at Montague - Linear Function off | Connecticut at Hartford Stage, Previous Value
----- —————

..... g e e LimitType: |Maximum « Interp. | Linear = |
..... !

- Eooljdmggi:rrslam control at Westfield Stage () Release (cfs)
""" [E Maxrelease from controlled outlets 0.0 1500.0( =
----- [E Minimum ABF Release 18.0 1500.0
----- [@ Connecticut at Montague - Linear 19.0 12000
----- [ Connecticut at Hartford - Linear 20.0 800.0
----- [@ Westfield at Huntington 21.0 §00.0
----- B Downstream control at Westfield 220 300.0 O T T T T T T T
----- [ Maximum rate of increase 23.0 0.0 0 5 1015 20 2530 35 40 45 50
""" @ Maxmum rate of decrease 50.0 0.0 Stage (1)

=~ } Restrict rate of pool level drop
----- [E Max Outflow = Max 21d Inflow [C] Period Average Limit
@ Conservation o
----- [l Maxrelease from controlled outlets [C] Hour of Day Multiplier
----- g Min Flow Logic - Littleville 7] Day of Week Multiplier it
----- Connecticut at Montague - Linear

----- [@ Connecticut atHartfﬂ?d—Linear [C] Rising/Falling Condition
----- [ Westfield at Huntington .

----- [B Downstream control at Westfield
""" [E Maximum rate of increase

""" [E Maximum rate of decrease
#-f } Restrict rate of pool level drop
o [nactive i

Operates Release From: Littleville

1,500

1,200

8007

400 7

Release (cfs)

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at Hartford-Linear
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6. Westfield at Huntington
Figure 12 shows the content of “Westfield at Huntington”

rule. This rule represents the

maximum allowable release from dam as a function of previous day stage at Huntington. The
previous day stage was used to account for the delay that occurs between the stage exceeding
the specified target and the change in operations at the flood control dams that occurs in

reality.
Cperation Set iExisting Ops 'j Description E]
Zone-Rules | | |
wh Surcharge Operates Release From: Littleville
----- [@ Gate Ops to Save Dam e — _ S
----- [@ Max release from controlled outlets uie Name: |westfield at Huntington escription. L

""" @ Minimum ABF Release

""" [@ Connecticut at Montague - Linear
""" [B Connecticut at Hartford - Linear
----- )

""" [B Downstream control at Westfield
#m Flood Control

""" [@ Max release from controlled outlets
""" @ Minimum ABF Release

""" [@ Connecticut at Montague - Linear
""" [B Connecticut at Hartford - Linear
""" @ Westfield at Huntington

""" [B Downstream control at Westfield
""" [@ Maximum rate of increase

""" [ Maximum rate of decrease

#-{ } Restrict rate of pool level drop

----- @ Max Qutfiow = Max 21d Inflow

#m Conservation

""" [@ Max release from controlled outlets
----- [ Min Flow Logic - Litleville

""" [@ Connecticut at Montague - Linear
""" [B Connecticut at Hartford - Linear
""" @ Westfield at Huntington

""" [B Downstream control at Westfield
""" [@ Maximum rate of increase

""" [ Maximum rate of decrease

#-{ } Restrict rate of pool level drop

o [nactive

Function of |yestfield at Huntington Stage, Previous Value

Limit Type: | Maximum - | Interp.: |Linear «
Stage (ft) Release (cfs)

0.0 1500.0( =
7.5 1500.0
8.5 1200.0
a5 900.0
10.5 600.0
11.5 300.0
12.5 0.0
50.0 0.0

-

1 500

1,200

500

400

Release (1)

0 T T T T T T T 1
0 5 4015 20 2530 35 40 45 50

Stage (ft)

["] Period Average Limit

[~ Hour of Day Multiplier

[ Day of Week Multiplier
[ Rising/Falling Condition

[7] seasonal Variation

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet —Westfield at Huntington
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7. Downstream control at Westfield
Figure 13 shows the content of “Downstream control at Westfield” rule. This rule represents the
maximum allowable flow at the downstream point Westfield at Huntington.

Cperation Set :Existing Ops v: Description =l

Zone-Rules | | |

# Surcharge
""" [l Cate Ops to Save Dam o
----- [ Max release from controlled outlets || Y18 NaMe: stream control at Wesfield | Description: [

""" @ Minimum ABF Release

""" [l Connecticut at Montague - Linear Function of. |Date

----- [B Connecticut at Hartford - Linear . ' : : .
Limit Type: i - Interp: L -
----- 1B Westfield at Huntington Ype. Maimum - P |Linear -

""" i JDownstream control at Westfield Downstream Location:  |ywestfield at Westfield

Operates Release From: Littleville

s Flood Control . : 11,250
""" [@ Maxrelease from controlled outlets || Parameter:  Flow - i
""" @ Minimum ABF Release E”-SUD
----- [@ Connecticut at Montague - Linear Date Flow (cfs) 44,250
----- [B Connecticut at Hartford - Linear 01Jan 11250.0| = Eﬂ 200
""" B Westfield at Huntington e
""" [B Downstream control at Westfield 11,150 1
----- (B Maximum rate of increase T T T 1

. Jdan hla Se
""" [B Maximum rate of decrease ¥ P

#=-{ } Restrict rate of pool level drop o o —
----- [ Max Qutflow = Max 21d Inflow Period Average Limit Edit...

#h Conservation [7] Hour of Day Multiplier
""" [ Max release from controlled outlets o
----- @ Min Flow Logic - Litleville [ Day of Week Multiplier

""" g gonneg?cu: amoﬁagduel:_unear Seasonal Variation Edit...
----- onnecticut at Hartford - Linear
----- B Westfield at Huntington [] Flow Contingency
""" [@ Downstream control at Westfield
""" [@ Maximum rate of increase

""" [B Maximum rate of decrease
#-{ } Restrict rate of pool level drop

Wl [nactive - Advanced Options l
Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet —Downstream control at Westfield
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8. Maximum rate of increase
Figure 14 shows the content of “Maximum rate of increase” rule. This rule shows the maximum
allowable increasing release rate of change as a function of release from Littleville dam.

Operation Set :Existing Ops v: Description D

Zone-Rules | I |

i Surcharge Operates Release From: Littleville-Slide Gates
----- [@ Gate Ops to Save Dam

----- [E Max release from controlled outlets
----- [@ Minimum ABF Release Description: O
----- [@ Connecticut at Montague - Linear ) :
----- [B Connecticut at Harfford - Linear Function Of Ralease -
----- [ Westfield at Huntington : -
""" [B Downstream contral at Westfield
@M Flood Control Interpolate | Linear -
----- [E Max release from controlled outlets ) )
""" @ Minimum ABF Release Release (cfs) Rate Change (cfs/hr)
----- [B Connecticut at Montague - Linear 0.0 3000
""" [B Connecticut at Harfford - Linear 1200'0 SDD.D
----- [B Wesffield at Huntington 1201'0 100.[]
----- [B Downstream control at Westfield EUUU'D 100.[]
----- ) ' :
----- [E WMaximum rate of decrease

#-{ } Restrict rate of pool level drop

----- @ Wax Qutlow = Max 21d Inflow

# Conservation

----- B Max release from controlled outlets
----- @ WMin Flow Logic - Littleville 1004
----- B Connecticut at Montague - Linear T
----- [B Connecticut at Hariford - Linear 0 1,500 3,000 4,500
----- @ Westfield at Huntington Release (cfs)

""" [B Downstream contral at Westfield
----- [B Maximum rate of increase

----- [E WMaximum rate of decrease
#=-{ } Restrict rate of pool level drop
o [nactive

Release Rate of Change Limit Maximum rate of increase

Type Increasing -

300

250+

200+

150+

Rate Change (cfafhi

Figure 14: Reservoir Editor: Operations Tab — Existing Ops OpSet —Maximum rate of increase
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9. Maximum rate of decrease
Figure 15 shows the content of “Maximum rate of decrease” rule. This rule shows the maximum
allowable decreasing release rate of change.

Operation Set :Existing Ops v: Description
Zone-Rules | | |
wh 3urcharge Operates Release From: Littleville-Slide Gates

""" W Cate Ops to Save Dam

""" [ Max release from controlled outiets || -e/€ase Rate of Change Limit | maximum rate of decrease

""" [ Minimum ABF Release Description: O
""" B Connecticut at Montague - Linear i _
----- B Connecticut at Hartford - Linear Function Of Caonstant -
""" (@ Westfield at Huntington : :
----- B Downstream control at Westfield Type ‘Decreasing =)
wh Flood Control Max Rate of Change (cfshr) s00.0

""" @ Maxrelease from controlled outlets
""" [ Minimum ABF Release

""" B Connecticut at Montague - Linear
""" @ Connecticut at Hartford - Linear
----- [ Westfield at Huntington

----- [ Downstream contral at Westfield
----- [ Maximum rate ofincrease

----- L
=-{ } Restrict rate of pool level drop

----- [ Max Outflow = Max 21d Inflow

o Conservation

----- @ Maxrelease from controlled outlets
----- @ Min Flow Logic - Littleville

----- [@ Connecticut at Montague - Linear
----- @ Connecticut at Hartford - Linear
----- [ Westfield at Huntington

----- [ Downstream contral at Westfield
----- [ Maximum rate ofincrease

----- [ Maximum rate of decrease

=-{ } Restrict rate of pool level drop
N [nactive

Figure 15: Reservoir Editor: Operations Tab — Existing Ops OpSet —Maximum rate of decrease
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10. Restrict rate of pool level drop
Figure 15 shows the content of “Restrict rate of pool level drop” rule. It shows the maximum
allowable release as a function of Inflow for different ranges of pool elevations.

Operation Set iExisting Ops

Description

Zone-Rules | I |
=4} * || Operates Release From: Litfleville-Slide Gates
= ﬂ' IF (Pool level == 573.5 1)
. [ Restrict release for pool = 57351t Mame: strict rate of pool level drop | Description: |Prevent pool from droppl;
EI * ELSE IF (Pool elev ==568.5 & = 573.5)
------ [l Restrict release for pool 568.5-573.5 Type Mame Description
E| * ELSE IF (Pool level ==563.5 & <568.5) IF Paool level == 5735 ft
¢ [l Restrict release for pool 563.5-568.5 ELSEIF |Pool elev=chaa5 & =
E| * ELSE IF (Pool level ==558.56 & =563.5) Al ELSEIF |Poollevel ==563.5 & <.
5 [ Restrict release for pool 558.5-563.5 ELSEIF |Poollevel ==55865 & <.
= = ELSE IF (Pool ==553.5 & <558 5) ELSEIF_|Pool >=553.5 & <558.5
""" E Resftrict release for pool 553 .5-558 5 ELSEIF |Poollevel ==5485 & =
EI * ELSE IF (Pool level ==548 5 & <553.5) ELSEIF |Pool level ==543 5 & = _
P [l Restrict release for pool 548.5-553.5 = ELSEIF |Pool level ==538 60 &
E| = ELSE IF (Pool level ==543.5 & <548.5) ELSEIF |Poollevel ==53365 & <
@ Restrict release for pool 543.5-548.5 ELSEIF |Pooleley==5235 & =<__
E| * ELSE IF (Pool level ==538.50 & =543.5) ELSE Pool eley =<523.6
S B Restrictrelease for pool 538.5-543.5
EI * ELSE IF (Pool level ==5335 & =R38.5) i
P e [l Restrict release for pool 533.5-538.5
E| * ELSE IF (Pool elev==523.5 & =533.5)
¢ [l Restrict release for pool 523.5-533.5
= * ELSE (Pool elev «<523.5)
------ B Max release from controlled outlets bt
Operation Set _E}ustmg Ops - Description )
Zone-Rules | | | |
=-{ } Restrict rate of pool level drop “ || Operates Release From: Littleville-Slide Gates
- IF (Pool level == 5735 1) . L
Rule Name: |- re|ease for pool = 573.5 ft | Description: )

8~ RRestrict release for pool = 573.5 1t
== ELSE IF (Pool elev »=568.5 & < 573.5)
-[@ Restrict release for pool 568.5-573.5
* ELSE IF (Pool level ==563.5 & <568.5)
[l Restrict release for pool 563.5-568.5
- = E|SE IF (Pool level =558 5 & «<5G2.5)
-[@ Restrict release for pool 558.5-563.5
* ELSE IF (Pool ==553.5 & =558 5)

[l Restrict release for pool 553.5-558 5
- = E|SE IF (Pool level =548 5 & <6R3 F)
-[@ Restrict release for pool 548.5-553.5
-_b ELSE IF (Pool level ==543.5 & =548.5)

- ~[@ Restrict release for pool 543.5-548.5
—-mp ELSE IF (Pool level »=538.50 & <543.5)
[l Restrict release for pool 538.5-543.5
= -P ELSE IF (Pool level ==533.5 & <538.5)

. [ Restrict release for pool 533.5-538.5
- -b ELSE IF (Pool elev ==523.5 & <533.5)
[l Restrict release for pool 522.5-533.5
EI # ELSE (Pool elev <523.5)

m

E Max release from controlled outlets i

Function of: || jtfleville-Pool Inflow, Current Value

Limit Type: Maximum | Interp. Linear -
1500+
Flow (cfs) Release (cfs) el
0.0 12280 | § 1o
272.0 15000 | & 15 ]
B S At A S A

Flaw (i)
[T Period Average Limit

["] Hour of Day Multiplier
[7] Day of Week Multiplier

[ Rising/Falling Condition

[7] Seasonal Variation

296




Littleville

Operation Set | Existing Ops ~ | Description @]
Zone-Rules | I I
=-{ } Restrict rate of pool level drop “|| Operates Release From: Littleville-Slide Gates

=8 -b IF (Pool level == 573.5f) _ o

P [E Restrict release for pool = 573.5f Rule Name: |lease for pool 568.5-573.5 Description: G

B * ELSE IF [F'OOI ele\f ==5G8.5 & =573, 5}

& _JRestrict release for pool 568.5-573.5]
B * ELSE IF (Pool Ievel ==5A3. 5&¢558 5]I
S [E Restrict release for pool 563.5-568.5
B * ELSE IF (Pool level ==558.5 & =563.5)
P [B Restrict release for pool 558.5-662.5
=8 -b ELSE IF (Pool »=553.5 & «558.5)
-~ [8 Restrict release for pool 553.5-558.5
B * ELSE IF (Pool level ==548.5 & =553.5)
—— [ Restrict release for pool 548.5-553.5
B * ELSE IF (Pool level ==543.5 & <548 5)
P [ Restrict release for pool 543.5-548.5
B * ELSE IF (Pool level ==538.50 & =543.5)
P e [ Restrict release for pool 538.5-542.5
B * ELSE IF (Pool level ==533.5 & =538.5)
P [E Restrict release for pool 533.5-538.5
B * ELSEIF (Pool elev==523.5 & =533.5)
e [E Restrict release for pool 523.5-533.5
=S * ELSE (Pool elev =523.5)

------ [E Max release from controlled outlets

m

Function of: | jttieville-Pool Inflow, Current Value

Limit Type: :Maximum -: Interp.::Lmear -:

Flow (cfs) Release (cfs)

0.0 1188.0| »

Releaids)
8
1

312.0 1500.0

o 0 100

Flow (3]

] Period Average Limit

[] Hour of Day Multiplier

7] Day of Week Multiplier

"] Rising/Falling Condition

"] Seasonal Variation

150 20 Z30

T
i)

Operation Set iExisting Ops

Description

Zone-Rules | | |

=-{ } Restrict rate of peol level drop
= -b IF (Pool level »= 5735 )
. "[@ Restrict release for pool = 5735 f
El * ELSE IF (Pool elev ==568.5 & = 573.5)
¢ -[B Restrict release for pool 568.5-573.5
EI * ELSE IFl:F't]t]I Ieuel ==563. 5&<558 5)
-l
EI * ELSE IF[F'CICII Ievel ==558. 5&‘553 5}
. ~[B Restrict release for pool 558.5-563.5
EI * ELZE IF (Pool ==553.5 & =558 .5)
-l Restrict release for pool 553.5-558.5
8 -_b ELSE IF (Pool level ==548.5 & <553.5)
- [ Restrictrelease for pool 548.5-553.5
El * ELSE IF (Pool level ==543.5 & =548.5)
. -[H Restrict release for pool 543.5-548.5
EI * ELSE IF (Pool level =538 50 & =543.5)
- [l Restrict release for pool 538.5-543.5
a---p ELSE IF (Paol level >=533 5 & <538.5)
. [ Restrictrelease for pool 533.5-538.5
EI* ELZE IF (Pool elev==5235 & =533.5)
. [ Restrict release for pool 523.5-533.5
- = ELSE (Pool elev <523.5)

[l Maxrelease from controlled outlets

m

Operates Release From: Littleville-Slide Gates
Rule Name: ||ease for pool 563.5-568.5 | Description:

Function of: || jttieville-Pool Inflow, Current Value

Limit Type: |Maximum | Interp: [Linear
1504
Flow (cfs) Release (cfs) T 1400
0.0 1148.0| | § 1*03
352.0 15000| | 2 12w
1.100 T T T T T 1T
0 50 100 150 A0 =50 200 50 ald

Flawe (%)

[7] Period Average Limit

[ Hour of Day Multiplier
] Day of Week Multiplier

[7] Seasonal Variation

[7] Rising/Falling Conditian
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Operation Set  Existing Ops ~ | Description @]
Zone-Rules | | |
'3"'{,} Restrict rate of pool level drop “ || Operates Release From: Littleville-Slide Gates
=8 -blF(Poo||eve|> 5735R) Rule Name: Descrifion:
- I8 Restrict release for pool = 5735 ft ule Name: |lease for pool 558.5-563.5 | Lescription: G
El * ELSE IF (Pool elev ==568.5 & = 573.5) Funcii Pl -
- 1B Restrict release for pool 568.5-573.5 uncuon of | ittleville-Pool Inflow, Current Value

@-DELSElF(PooHevew 563.5 & <568.5) LimitTyoe: [Maximam <] Interp: Linear <

P [E Restrictrelease for pool 563.5-568.5 1500
- = ELSE IF (Pool level >=558.5 & <6635) ]
I Y e <trict release for pool 558 5-563.5 ACTES) Release (dfs) g o
= = ELSE IF (Pool ~=553.5 & <556.5) 0.0 10910« § o7
P [E Restrict release for pool 553.5-558.5 409.0 1500.0 8 g

El -IELSE IF (Pool level ==548.5 & <553 5) LS R R R N A R

Lo [E Restrict release for pool 548.5-553.5 ——

=3 -b ELSE IF (Pool level ==543.5 & <548.5)

P [E Restrict release for pool 543 5-548 5

El -P ELSE IF (Pool level ==538.50 & <543 5)

S [ Restrictrelease for pool 538.5-543.5 [ Hour of Day Multiplier

=3 -b ELSE IF (Pool level ==533.5 & <538.5) .

------ [E Restrict release for pool 533.5-538.5 ("] Day of Week hlultiplier

EI -P ELSE IF (Pool elev ==523.5 & =533.5) [7] Rising/Falling Condition

P [E Restrict release for pool 523.5-533.5 .

=8 = ELSE (Pool elev <5235) [] seasonal Variation
------ [ Max release from controlled outlets -

m

] Period Average Limit

Operation Set _Existing Ops vi Description C]

Zone-Rules | | |

=--{ } Restrict rate of pool level drop * || Operates Release From: Littleville-Slide Gates
B -b IF (Pool level == 573.5f) Rule Name- I
:--[@ Restrict release for pool = 5735 ft Lie Mame: llease for pool 553.5-558.5  /escriplion: 8

EI W ELSE IF (Pool elev »=568.5 & <573.5)

[ Restrict release for pool 568.5-573.5 Function of: || ittieville-Pool Inflow, Current Value

I_;I * ELSE IF (Fool level »=563.5 & <568.5) Limit Type: |Magimum  » | Interp: [Linear |

¢ [l Restrict release for pool 563.5-568.5 - . . ! 1300
EI # ELSE IF {(Poal level ==558.5 & =563.5) . tamn
;[ Restrict release for pool 558.5-563.5 Flow (cfs) Release (cfs) T o0
8 -I ELSE IF (Pool ==553.5 & =558.5) 0.0 1053.0) » | § 1200
R —BRestrict release for pool 553.5-558.5 447.0 1500.0 & 1100
EI -PELSE IF (Pool level »=548.5 & <553.5) T T T T T 1 AT

0 30 100 150 200 230 20

m

- [l Restrict release for pool 548.5-563.5

H Flaw (%)
EI * ELSE IF {Poal level ==543.5 & =548 5)

i [H Restrictrelease for pool 543.5-548 5 [ Period Average Limit
EI * ELSE IF (Pool level ==538.50 & =543.5)

¢ [l Restrict release for pool 538.5-543.5 [] Hour of Day Multiplier
o -b ELSE IF (Pool level »=533.5 & <538.5) W .

[l Restrict release for pool 533.5-538.5 [] Day of Week Multipiier
=8 -D ELSE IF (Pool elev ==523.5 & <533.5) [ Rising/Falling Condition

i [H Restrictrelease for pool 523.5-533 5

B+ -b ELSE (Pool elev <523.5) [[] Seasonal Variation
E Max release from controlled outlets

1
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Operation Set | Existing Ops ~ | Description o
Zone-Rules | I |
=-{} Restrict rate of pool level drop *|| Operates Release From: Littleville-Slide Gates

& -b IF (Pool level == 5735 ) _ o

. L[ Restrict release for pool = 5735 ft Rule Name: |jease for pool 548.5-553.5| Description: )

E} # ELSEIF (Pool elev ==568.0 & <573.5)

1 Restrict release for pool 568.5-573.5 Function of || jttieville-Pool Inflow, Current Value

I_;} -PELSEIF(F'UUIIeveI> 563.5 & <568.5) LimitType: | Maximum < | Interp: | Linear = |

; [l Resfrict release for pool 563.5-568.5 L - L | :g_
=X -b ELSE IF (Pool level ==558.5 & <563.5) e
. Il Restrict release for pool 558.5-663.5 | | ACIEE] SEEEEE S T ]
B---b ELSE IF (Poal ==553.5 & <558.5) 0.0 996.0) ~| § 1207
- L[ Restrict release for pool 553.5-558.5 504.0 1500.0 & 1w
B -P ELSEIF[F’oolle\teI= 548.5 & <553.5) w1
IR Jcstic roese o poor saa s soas I o

B * ELSE IF (Pool Ie\rel ==5435 & <548 5}
¢ [l Restrict release for pool 543.5-548.5
B * ELSE IF (Pool level ==538.50 & =543.5)
. [l Restrict release for pool 538.5-543.5 [T Hour of Day Multiplier
Q---_b ELSE IF (Pool level »=532.5 & <538.5) .
. .[W Restrict release for pool 533.5-538.5 [ Day of Week Multiplier

[] Period Average Limit

E}* ELSE IF (Pool elev ==523.5 & =533.5) [7] RisingiFalling Condition
[l Resfrict release for pool 523.5-533.5 L
E}-P ELSE (Poal elev <523 5) [7] Seasonal Variation
[l Max release from controlled outlets - =
Operation Set :Existing Ops v: Description C]
Zone-Rules | | |
9'"{,} Restrict rate of pool level drop * || Operates Release From: Littleville-Slide Gates
a---b IF (Pool level == 5735 f) _ o
. -[H Restrict release for pool = 573.5 1t Rule Name. llgase for pool 543.5-548.5 | Description: L
B * ELSE IF (Pool elev ==568.5 & = 573.5) .
. ..[H Restrict release for pool 568.5-573.5 Function of: || ittleville-Pool Inflow, Current Value
= -b ELSE IF (Pool level ==563.5 & <568 5) o : : : :
= Limit Type: i Interp.: |Lj
. [ Restrict release for pool 563 5-568 5 YPe (Maximum | TEP-[Linear =]y
- mb ELSE IF (Pool level ==558.5 & <563 5) e
. [ Restrict release for pool 558 5-563.5 FBIESY SEEEEEES) T 1
‘3".' ELSE IF (Pool ==553.5 & <558.5) 0.0 9520/ - | § 127
- -[@ Restrict release for pool 553.5-558.5 548.0 1500.0 £ o0
B * ELSE IF (Pool level ==548.5 & =553.5) e T T T T T

o 100 20 pit] 400 00 &0

m

- [l Restrict release for pool 548.5-553.5

: Flave [cf
= -b ELSE IF (Pool level >=543 5 & <548 5) e
! B JRestrict release for pool 543.5-548.5 - S -
H Period Average Limit Edit
2 -_b ELSE IF (Pool level ==538.50 & =543 5) O g
. [ Restrict release for pool 538.5-543.5 [7] Hour of Day Multiplier

Edi

[T Day of Week Multiplier

é---_b ELSE IF (Pool level ==533.5 & <538.5)
[ Restrict release for pool 533 .5-538.5

- ELSE IF (Pool elev>=523 5 & <533 5) [] Rising/Falling Condition | Edi
- [\ Restrict release for pool 523.5-533.5 o
== ELSE (Pool elev <523.5) [] seasonal Variation

1

[l Maxrelease from controlled outlets
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Operation Set :Existing Ops » | Description C]
Zone-Rules | | |
E’"'{:} Restrict rate of pool level drop * || Operates Release From: Littleville-Slide Gates

- |F (Pool level == 573.57) ) o

© [ Restrictrelease for pool = 5735 Rule Name: |ease for pool 538.5-543.5| Description: G

El * ELSE IF (Pool elev ==568.5 & < 573.5)
i ~[B Restrict release for pool 568.5-573.5
EI * ELSE IF (Pool level ==563.5 & =568.5)

Function of: || jfleville-Pool Inflow, Current Value

Limit Type: | ma «| Interp: L -]

. .[§ Restrict release for pool 563 5-568 5 IMIEIPE: - [Maamum. v (M- [Linear w| gy,

EI * ELSE IF (Poal level ==558.5 & =563.5) s . 1am—

: [l Restrict release for pool 558.5-563.5 Flow (cfs) Release (cfs) -

= -p ELSE IF (Pool »=553.5 & <558.5) 0.0 9050] | § ° 1

¢ [l Restrictrelease for pool 553.5-558 5 595.0 15000 g

El * ELSE IF (Pool level ==548.5 & =553.5) smo 1c|-3 2’:'0 :-:I-J .aclo 9:'0 om

i -[W Restrict release for pool 548.5-5535 = S

EI * ELSE IF (Pool level ==543.5 & =548 5)

. [l Restrict release for pool 543.5-548 5 [ Period Average Limit

EI * ELSE IF (Poal level ==538.50 & =543 5)

I IR e strict release for pool 538 5-543 5 [] Hour of Day Multiplier

=8 -b ELSE IF (Pool level »=533.5 & <538.5) W o

¢ -8 Restrictrelease for pool 533.5-538.5 el Zrya il

=S -b ELSE IF (Pool elev ==523.5 & <533.5) [ Rising/Falling Condition

¢ -[W Restrict release for pool 523.5-533.5

=S -b ELSE (Pool elev <523 5) ["] seasonal Variation

- [l Max release from controlled outlets - i

Operation Set iExisting Ops vj Description C]
Zone-Rules | | |
'-;—-""{:} Restrict rate of pool level drop * || Operates Release From: Littleville-Slide Gates

=8 -b IF (Pool level == 572.5 ) ) o

P [E Restrictrelease for pool > 5735 ft Rule Name: ||ease for pool 533.5-538.5| Description: G

El * ELSE IF (Pool elev ==568.5 & = 573.5)
I B Restrictrelease for pool 568.5-573.5
EI * ELSE IF (Pool level ==563.5 & <568 .5)
P [E Restrict release for pool 563.5-568.5
== ELSE IF (P00l level »=558.5 & <563.5)
- I8 Restrict release for pool 558.5-563.5
El * ELSE IF (Pool ==553.5 & =558.5)
[ [l Restrict release for pool 553.5-558.5
EI * ELSE IF (Pool level ==548.5 & <553 .5)
I [E Restrict release for pool 548.5-553.5
EI * ELSE IF {Pool level ==543.5 & <548 5)
P [E Restrict release for pool 543 .5-548 5
El * ELSE IF (Pool level ==538.50 & <543.5)
[ [l Restrict release for pool 538.5-543.5
EI * ELSE IF (Pool level ==533.5 & <538 5)
[~ BRestrict release for pool 533.5-538.5
EI * ELSE IF (Pool elev ==523.5 & =533 5)
- I8 Restrict release for pool 523.5-533.5
=3 * ELSE (Pool elev =523.5)

------ B Max release from controlled outlets

m

1

Function of: | ittieville-Pool Inflow, Current Value

Limit Type: :Ma.ximum v: Interp.: :Linear -:
Flow (cfs) Release (cfs) &
0.0 840.0| » E
660.0 1500.0 2

3 B

;

B

]

=

1 T T 1
00 20 30 400 30

Flaw (%)

] Period Average Limit
[ Hour of Day Multiplier
[7] Day of Week Multiplier
[7] Rising/Falling Condition

[7] Seasonal Variation

T
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Operation Set Existing Ops ~ | Description )
Zone-Rules | | |
9'"{,} Resfrict rate of pool level drop “|| Operates Release From: Littleville-Slide Gates
=- -D IF (Fool level == 573.5 1) Rule N . o intion:
- ~[@ Restrict release for pool = 573.5 1t uie Name. llease for pool 523.5-533.5 | Lescriplion. (J
B * ELSEIF (Pool elev ==568.5 & < 573.5) ;
. i.[H Restrict release for pool 568.5-573.5 Function of. || jttleville-Pool Inflow, Current Value

B -P ELSE IF (Pool level ==563.5 & <568.5) Limit Type: | Maximum - | Interp. [Linear =

i e [ Restrict release for pool 563.5-568.5 16007
B = ELSE IF (Pool level >=558.5 & <563.5) _ tam]
. i.[H Restrict release for pool 558.5-563 5 FELIES), FEEEIEES) % 1]
= = ELSE IF (Pool »=553.5 & <558.5) 0.0 785.0 4| § 1o
[ [ Restrict release for pool 553.5-558.5 715.0 1500.0 & g0

B *ELSElF(F’OCIl|(-3'\|'e|b 5485 & =553.5) i 11.1-3 z:ln :L!D m:lo S:I-J &:IO TCID e

. ~[8 Restrict release for pool 548.5-553.5 S

B * ELSE IF (Pool level ==543.5 & =543 .5)

P [E Restrict release for pool 543.5-548.5 [ Period Average Limit

= * ELSE IF (Pool level ==538.50 & =543 .5)

P [E Restrict release for pool 538.5-543.5 [T Hour of Day Multiplier

= * ELSE IF (Pool level ==533.5 & =538.5) -

. B Restrict release for pool 533.5-538.5 e L e

== -b ELSEIF (Pool eley==5235 & <533 5} [T Rising/Falling Condition

L@ -,

= = ELSE (Pool elev <523.5) [ Seasonal Variation
------ [ Max release from controlled outlets -

m

Operation Set _Existing Ops v: Description 3

Zone-Rules | | |

=-{ } Restrictrate of pool level drop “ || Operates Release From: Littleville-Slide Gates
El * IF (Pool level == 573 5 1t) Rule N i o ition:
. [@ Restrict release for pool > 5735 1t uie Hame: [zse from controlled outlets | Descripton: L)

El * ELSE IF (Pool elev ==568.5 & = 573.5) :
. [l Restrict release for pool 568.5-573.5 Function of. |Date
EI * ELSE IF (Pool level ==563.5 & =568.5) __ T = 1 S 1

. [@ Restrict release for pool 563.5-568 5 LimitType:  Maximum | INterp- Linear v
El * ELSE IF (Pool level ==558.5 & <563.5) 1510
L.l Restrictrelease for pool 558.5-563.5 | | 2EE SERESEEE) 1505
=N -b ELSE IF (Pool >=553.5 & <558.5) 01Jan 1500.0 »
. [@ Restrict release for pool 553.5-558 5
El * ELSE IF (Pool level ==548.5 & <553.5)

. [l Restrict release for pool 548.5-553.5
EI * ELSE IF (Pool level ==543.5 & =548.5)

- ~[@ Restrict release for pool 543.5-548.5 [l Pesiod Average Limit
El * ELSE IF (Pool level ==538.50 & =543.5)
¢ [l Restrict release for pool 538.5-543.5 [ Hour of Day Multiplier
EI * ELSE IF (Pool level ==533.5 & =538.5) -

- -[@ Restrict release for pool 533.5-538.5 IR L
=S -b ELSE IF (Pool elev >=523.5 & <533.5) [ Rising/Falling Candition
¢ [l Restrict release for pool 523.5-533.5 - -

5 _’ ELSE (Pool elev <523.5) Seasonal Variation Edit...

=% Rax release from controlled outlets - =

1315

1300
1295
12490—

Rk ids)

15 T T T T T
Jan War May  Jul Sep Haw

m

Figure 16: Reservoir Editor: Operations Tab — Existing Ops OpSet —Restrict rate of pool level drop
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11. Max Outflow equals 21 day max Inflow
Figure 17 shows the content of “Max Outflow equals 21 day max Inflow” rule. This rule
represents the maximum release from dam as a function of the previous 3 weeks of inflow.

Operation Set  Existing Ops ~ | Description @
Zone-RuIesl:r e ‘ | utages I
# Surcharge “ || Operates Release From: Littleville
@ Gate Ops to Save Dam ) e
~[@ Max release from controlled outlets Rule Name: |x Outflow = Max 21d Inflow | Description: 8

~[@ Minimum ABF Release
-[@ Connecticut at Montague - Linear
@ Connecticut at Hartford - Linear
@ Westfield at Huntington
-[@ Downstream control at Westfield
# Flood Control
-[@ Max release from controlled outlets
@ Minimum ABF Release
[@ Connecticut at Montague - Linear
-[@ Connecticut at Hartford - Linear
- [@ Westfield at Huntington
-[@ Downstream control at Westfield
@ Maximum rate of increase
[@ Maximum rate of decrease
#-{ } Restrict rate of pool level drop
‘m
@ Conservation
@ Max release from controlled outlets
[@ Min Flow Logic - Littleville
-[@ Connecticut at Montague - Linear
-[@ Connecticut at Hartford - Linear
-[@ Westfield at Huntington
[@ Downstream control at Westfield
[@ Maximum rate of increase
~[@ Maximum rate of decrease
@-{ } Restrict rate of pool level drop

-t i

m

Function of: || ittieville-Pool Inflow, Period Maximum, 0.0 hr lag, 504.0 hr period

Limit Type: | Maximum

v | Interp.: ~|V_inear v |

Flow (cfs) Release (cfs)
0.0 0.0] »
1500.0 1500.0
123456.0 1500.0

1,600
1,200
800

400

Release (cfs)

01—

Flow (cfs)

[7] Period Average Limit
[] Hour of Day Multiplier
[] Day of Week Multiplier
[ Rising/Falling Condition

[] seasonal Variation

T T T 1
0 60,000 120,000

Figure 17: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Outflow equals 21 day max

Inflow
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12.Min Flow Logic - Littleville
Figure 18 shows the content of “Min Flow Logic - Littleville” rule. This rule describes required
seasonal minimum flows from controlled outlets as a function of inflow at Littleville.

Operation Set :Existing Ops v: Description ()]

Zone-Rules ‘ R | | tages [ 5t

#n Surcharge Operates Release From: Littleville
[@ Gate Ops to Save Dam 4 ] Ao
@ Max release from controlled outlets Rule Name: |in Flow Logic - Littleville | Description: 8

[ Minimum ABF Release :
[ Connecticut at Montague - Linear Function of: | jttieville-Pool Net Inflow, Current Value
[ Connecticut at Hartford - Linear Ao e | ) o ]
@ Westfield at Huntington Limit Type: | Minimum w) Interp- |Linear v
[@ Downstream control at Westfield 200
i Flood Control Flow Release (cfs)
[@ Max release from controlled outlets (cfs) 01Jan 01Apr 01Jun 010ct
@ Minimum ABF Release 0.0 0.0 0.0 0.0 0.0/ ~
@ Connecticut at Montague - Linear 24.99 17.493 17.493 17.493 17.493
[@ Connecticut at Hartford - Linear 250 175 175 250 175
@ westfield at Huntington 49.99 34.993 34.993 25.0 34.993
@ Downstream control at Westfield 50.0 50.0 35.0 25.0 50.0 Sis R
@ Maximum rate of increase 199.99 50.0 139.993 25.0 50.0 0 60000 120,000
@ Maximum rate of decrease 200.0 50.0 200.0 25.0 50.0 ' '
& g Restrict rate of pool level drop 123456.0 50.0 200.0 25.0 50.0 Flow (cfs)
Max Outflow = Max 21d Inflow
#& Conservation [7] Period Average Limit
T} Max release from controlled outlets 7] Hour of Day Multiplier
(R 1in Flow Logic - Littleville
[ Connecticut at Montague - Linear [”'] Day of Week Multiplier
[@ Connecticut at Hartford - Linear o 3 5
[ Westfield at Huntington [] Rising/Falling Condition
[@ Downstream control at Westfield Seasonal Variation
@ Maximum rate of increase
@ Maximum rate of decrease
#-{ } Restrict rate of pool level drop
& nactive

-

o

=]
|

1004

Release (cfs)

o
=]

Figure 18: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow Logic - Littleville
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Mare Meadow

Mare Meadow

l. Overview

Mare Meadow dam is on the Mare Meadow River in Worcester County, Massachusetts. It is owned by
the City Of Fitchburg and is primarily used for drinking water supply for the city.

Figure 1 shows the location of Mare Meadow Dam as it is represented in the HEC-ResSim model. Figure
2 shows a photo of the dam.

Mare Mead

Mare Meadow

Te Meadow_Out

" Coldbrook Diversion

!
Wiest Ware

Wt
() S onnecticut at Wtonth £

Figure 1: HEC-ResSim Map Display Showing Location of Mare Meadow
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Figure 2: Aerial photo of Mare Meadow reservoir.

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°°. The dam consists of a
controlled outlet and an uncontrolled spillway as shown in Figure 4.

> Provided by UMASS
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-

Reservoir Editor

- |

Reservoir Edit Pool

Resenoir | are Meadow ~ | Description | O] [W][a] 48 or74|](m]

Physical | QOperations I Obsernved Data|

A\ Ware Meadow Mare Meadow-Pool
93P ool
v. Dam Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft)
4 20 CIP Resernvoir Drain
Elevation Storage Area
(ft) (ac-ft) (acre)
1020.00 0.00 0.00 1,070
1060.50 45849.00 283.00 1,060
1063.60 5300.00 300.00 & 1,050
1066.50 6700.00 315000 2 4,040
i)
w 1.0309
1,020
T T T 177
0 3,000 6,000
Stor (ac-i)
1,070
1,060
= 1,050
= 1,040
m 1,030
1,020
T T T 177
0 100 200 300
Area (acre)

ok |[ cancel |[ apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

-

Reservoir Editor

=5)

Reservoir Edit Dam

Resenvoir [Ma.reMeadow v] Description | D| (1][«1] 48 o 74 [ ][m]
Physical | Operations | Observed Data
A Mare Meadow Mare Meadow-Dam
&) Paol
= U Elevation at to
p of dam (ft) .
4 20 CIP Reservoir Drain | 1088 5|
=<y Spillway Length at top of dam (ft) | 330_0|
Composite Release Capacity
Elevation Controlled Uncontrolled Total
(ft)y (cfs) (cfs) (cfs) 1.0?0_"________
1,040.0 0.0 0.0 0.0] 5 1.0807
1,0680.5 17.0 0.0 17.0 § = 1.050:
1,063.6 17.0 700.0 717.0| & 1040
1,066.5 17.0 2,000.0 2,017.0 T T
0 1,0002,000
Flovy
(cfs)
OK ] [ Cancel ] | Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Mare
Meadow’s “Existing Ops” operational zones, which consist of zones of Flood Control (1066.5 ft),
Conservation (1060.5 ft), and Inactive zone (1020 ft)".

r r ™
EI Reservoir Editor &J

Reservoir Edit Operations Zone Rule IF Block

Resernvoir iMare Meadow v: Description o E@ 48 of T4 @E]
-Ehysical Operations | Observed Data

Operation Set :Existing Ops v: Description [:]
Zone-Rules | | | |
g Flood Control ' -
Conservation
' Storage Zone Description [:]
W [nactive Function of |pate
Date Top Elevation (ft)
01Jan 10605 « 1070
1,060
= 1,050
5
= 1,040
@
w1 030
1,020
T T T T T
- Jan Mar May  Jul Sep Mow
Zone Sort Elevation

OK ] [ Cancel Apply

Figure 5: Reservoir Editor: Operations Tab — Existing Ops OpSet

B. Rule lllustrations

The operation set for Mare Meadow has no rules of operation making it a flow through reservoir. The
pool elevation will remain at the top of conservation unless the inflow exceeds the total release
capacity.
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Mascoma

l. Overview

Mascoma Lake dam is located 3 miles upstream of the city of Lebanon on the Mascoma River. It is
currently owned and operated by the New Hampshire Water Resources Board and is used for several
purposes: water supply for the City of Lebanon, recreation, and some flood control.

Figure 1 shows the location of Mascoma dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Mascoma dam.

(]
i
k-o.' Second Connecticut Lake_Inf
7~ (S

mathascoma Creek

it ] -
O onmecticut at Wouth £ L

Figure 1: HEC-ResSim Map Display Showing Location of Mascoma Dam
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£-

Figure 2: Photo of Mascoma dam.

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°°. The dam consists of
three types of outlets: (1) controlled slide gates, (2) controlled Obermeyer gate on aux spillway, and (3)
uncontrolled Main Spillway, as shown in Figure 4%,

% NHDams Data Sheet. Mascoma Dam. 2010
® Phase 1 Report. Mascoma Dam. 1978.
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Reservoir Edit Pool

(i —

F2t]]

Physical | gperations I Observed Data

Resenvoir | Mascoma - Descriptmn|

0 W) s o740

l 1A Mascoma Mascoma-Poal
- Pool
=57 Dam @
5 Sdo Galoo inear Interpolation ) ConicInterpolation  Initial Conic Depth (ft) l:l
g 32:2:};’5‘;;3‘9 on aux spillway Elevation Storage Area
(ft) (ac-fty (acre)
742,00 0.00 -
742 50 33333 B
743.00 666,67
74350 1000.00
744.00 133333 o
744.50 1666.67 i
745.00 2000.00 &
74550 2633.20 1 2740
746.00 3266.40 o]
74650 3899.60 240
747.00 4532 80 i} 15,000 30,000
74750 5166.00
748,00 579920 Stor (ac-f)
748.50 6432.40 [ 7
749.00 706550 ]
I 74950 7698.80 e 007

750,00 333200 =
75050 888578 w 50
751.00 943956 T4El_ LI B
75150 999333 2 4 5 & 10
752.00] 1054711
75250 11100.89 gcallicel
753.00] 1165467
75350 1220844
75400 1276222
75450 13316.00
75500  13869.78

< 1 r e = FEVLEN =

[ 0K I [ Cancel I ‘ Apply

Figure 3: Reservoir Editor: Physical Tab — Pool

' 1 ~—

=)

Reservoir Edit Dam
Resenvoir Descripliun| [:]| [W][a] 54 nf74|m@
Ehysical | Operations | Obsenved Data‘
' A Mascoma Mascoma-Dam
Pool
ER Elevation attop of dam (1)
-4 Slide Gates
4 Obermeyer Gate on aux spillway|| Length at top of dam (f)
-y Main Spillway
Composite Release Capacity
Elevation | Controlled| Uncontr. Total
(fty (cfs) (cfs) (cfs) b
742.0 0.0 0.0 n.0)-| 5 "B
742.5 0.0 0.0 0.0| | § & 750
743.0 1.6 0.0 1e | = b
743.5 23.9 0.0 23.9 fA0TTTTTTT
744.0 59.2 0.0 59.2 0 25000
744.5 104.0 0.0 104.0]F Fl
745.0 156.3 o.0]  156.3 [tfs)
745.5 251.7 o.o|  2s51.7
746.0 383.3 0.0 383.3
746.5 539.9 o.0] s539.9]
747.0 717.6 o0 7178
747.5 913.6 0.0] 9138
I 748.0] 1,126.4 0.0 1,126.4
748.5] 1,354.7 n.0 1,354.7
749.0] 1,58L.8 0.0 1,581.8
749.5) 1,806.0 120.9 1,926.8
750.0] 2,032.9 372.5 2,405.4
750.5] 2,264.0 744.0] 3,008.1
751.0] 2,500.0] 1,166.7| 3,666.7
751.5) 2,741.0] 1,635.5| 4,376.5
752.0] 2,987.3] 2,156.4| 5,143.7
752.5| 3,238.9] 2,717.4| 5,956.2
753.0] 3,495.8 3,320.0] 6,815.8) _
« [ 3
[ ok [ cance || aopy
— = g

Figure 4: Reservoir Editor: Physical Tab -- Dam

310



Mascoma

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Mascoma
Dam’s “ExistingOps” operational zones, which consist of zones of Flood Control (758.02 ft), Conservation
(748-751 ft), and Inactive zone (742 ft)®.

' = — L] A
E71 Reservoir Editor F ﬁ

Reservoir Edit Operations Zone Rule IF_Block

Reservoir :Mascoma v: Description o E@ fd of 74 @@

Ehysical | Operations | Observed Data

Operation Set :Existing Ops v: Description [:]
N | | Zone-Rules | | | I
s Flood Control ) L
Conservation
[B Spring Whitewater Release SIEIRLITE SEETECIT [:]
{ || M Max controlled Fall-Winter release || Function of
P Conservation
[ Spring Whitewater Release =
@ Min Flow Logic - Mascoma Date Top Elevation (ft) i
[ | || [rractive 01Jan 743.0| »
15Apr 7480 8]
| 01Jun 7510 7567
[ 110dt 7510] | o 2
£ 7524
| 01Mov 748.0 put
T T8
= i}
| @ T4E
Td44
T42
40 T T T T T
Jan Mar May Jul Sep Mow
Zone Sort Elevation
| ok || cancel Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve

*http://www2.des.state.nh.us/rti_home/station_information_display.asp?WID=fivebasins&ID=MCAN3&NAME=M
ascoma+Lake
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Opsss.

Ei Reservoir Editor r-

Reservoir Edit Operations Zone Rule IF_E

Resenoir | mascoma | De

Bhysical | Operations | Observed Data

Operation Set :Existing Ops

Zone-Rules | | |

™ Flood Control
-l Spring Whitewater Release

[l Max controlled Fall-Winter release
"~ Jconservation

----- [E Spring Whitewater Release

[l Min Flow Logic - Mascoma

wh [nactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

C. Rule Descriptions

1. Spring Whitewater release

Figure 7 shows the content of “Spring Whitewater Release” rule. This rule defines a seasonal
maximum release from reservoir as a function of Inflow.

Operation Set :Existing Ops v: Description E]

Zone-Rules | | |

™ Flood Control

B R spring Whitewater Release ) L

[l Max controlled Fall-Winter release| | RU& N3Me" [pring Whitewater Release | Description: L
@ Conservation

@ Spring Whitewater Release Function of | |jascoma-Pool Met Inflow, Current Value

-[B Min Flow Logic - Mascoma

Operates Release From: Mascoma

Limit Type: i ~ | Interp. | Li -
& (nactive ype: | Maximum J P> | Linear ]
Flow Release (cfs) g BT,
(cfs) 01Jan | 114pr 134pr § e
0.0| 1234567.0] _ 500.0 1234567.0| ~ 0 soomo | aoom 12m00
500.0) 1234567.0]  1000.0 1234567.0 Flaw i)
1000.0] 1234567.0]  1000.0 1234567.0
1234567.0| 1234567.0)  1000.0 1234567.0 [] Period Average Limit

[T Hour of Day Multiplier

7] Day of Week Multiplier
[7] Rising/Falling Condition
< o I - | [¥] Seasonal Variation

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Spring Whitewater Release

% Mascoma Lake Operating Guide. 1985.
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2. Max controlled Fall-Winter release
Figure 8 shows the content of “Max controlled Fall-Winter release” rule. This rule limits the
maximum release from Dam to 2000 cfs during 15Apr-31May.

Operation Set :Existing Ops v: Description E]
Zone-Rules | | I |
wh Flood Control Operates Release From: Mascoma-Dam
i B Spring Whitewater Release Rule N . = D intion:
L T T T ey | Rule Name. itrolled Fall-Winter release | LeScription: [
wh Conservation .
-l Spring Whitewater Release Function of | Date
[l Min Flow Logic - Mascoma - r ! r .
Limit Type: i ~ | Interp. -
A (nactive YPe. Maximum | P Step | Q0
1200000
1000000
Date Release (cfs) £ awom|
01Jan 1234567.0| » | | Zeoe7
154pr 2000.0 £ 200000
01Jun 1234567.0 - qu u':y JLI S'“ Ml"
=| [l Period Average Limit
[T Hour of Day Multiplier
7] Day of Week Multiplier
| [ Rising/Falling Condition
< m | » - Seasonal Variation Edit...

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max controlled Fall-Winter
release

3. Min Flow logic-Mascoma
Figure 9 shows the content of “Min Flow logic-Mascoma” rule. This rule represents the seasonal
minimum flow from reservoir as a function of Inflow.

Operation Set :Existing Ops v: Description [:]
Zone-Rules | | |
wh gﬂﬂsd ;U”g‘%_t o Rel Operates Release From: hlascoma
_ pring Whitewater Release = : S
18 Max controlled Fall-Winter release| | Ule NamMe: ylin Flow Logic - Mascoma  Description: J
o™ Conservation )
W Spring Whitewater Release Function of. | mascoma-Pool Met Inflow, Current Value
I Min Flow Logic - Mascoma - . . : :
. Limit Type: | Minimum ~ | Interp. | Linear -
o [nactive - . - | 0]
Flow Release (cfs) E xz
(=) | pqian | o1apr | 01dun | 010c 2 — T
0.0 0.0 0.0 0.0 0.0 » oo WM e e

- Flaw (fz)

74.99| 52493 52493 52.493| 52493

750| 525 525/ 750 525 . - .
149.99| 104993 104993 750 104.093 [ Period Average Limit [ Eqit.._|

1500 1500/  105.0 75.0 150.0 [C] Hour of Day Multiplier
500.98] 150.0) 426.993 750 1500 -
Day of Week Multiplier Edit
§10.0] 1500/ 610.0 750 1500 [ Day P
1234560) 1500 6100 750 1500 [T Rising/Falling Condition
1 | m | » = Seasonal Variation Edit...

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow logic-Mascoma

m
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Mclndoes

l. Overview

Mclindoes

Mclndoes dam is located on the mainstem Connecticut River between Monroe, NH and Barnet, VT. It is
owned and operated by TransCanada Hydro Northeast Inc. as part of the 15 Mile Falls project for

hydropower generation on run-of-river basis.

Figure 1 shows the location of McIindoes dam as it is represented in the HEC-ResSim model. Figure 2

shows a photo of McIlndoes dam.

WO
i A
)Ot FPond_In

)

() P ; '? est Ware

o iL'O‘.-) C Conant Brook_In
S T

Ry
(@) Connecticut at-Month
n

[

¥

el

4
a
L(S)I Second Connecticut Lake_In|l
=~

=i

@5
_Flo bdplaint
g

MAIN_Floodplaing

Melndoes_In

ndoes_Jut

314

Figuré 1: HEC-ResSim Map Display Showing Location of Mcindoes dam




Mclndoes

s . ; CORy=ightTOAI*BragEnT2l
Figure 2: Photo of Mcindoes Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3%*. The dam consists of
six types of outlets: (1) uncontrolled outlet, (2) controlled skimmer gate, (3) controlled tainter gate, (4)
controlled needle flashboard, (5) controlled pin flashboard, (6) and power plant as shown in Figure 4.

® Data provided by TransCanada
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-
n Reservoir Editor

——.—-—_—.

Reservoir Edit Pool

==

Reservoir ’Mclndoes

v] Description

| [W][w] 22 074 ][]

Physical |gperations Observed Data|

Figure 3: Reservoir Editor: Physical Tab -- Pool
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AQ Mcindoes Meclndoes-Pool
B 1rool]
E'U 3?”" @ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft) I:I
=4 Power Plant
4@ Tailwater Elevation Storage Area
=< Uncontrolled Outlet
.49 skimmer gate () = faasl
-4 tainter gate 430.00 0.00 3
-4 needle flashboard 43010 132 [
‘ pin flashboard 430.20 273 2
430.30 4.05 I
43040 R45 460 ]
430.50 6.78 o 4507
430.60 818 i T
43070 950 T 4407
43020 10.91 430
43090 1223 TT T T 1T 1T
431.00 13.64 0 4,000 8,000
43110 16.78 Stor (ac-fi)
431.20 20.00
| 431.20 2314 460
431.40 26.36 . dE
43150 Z29.50 % B
43160 3273 e 4407
431.70 35.87 430
431.80 39.09 T T T T T T 11
431.90 4223 0 600 1,200
432.00 4545 Area (acre)
43210 50.33
43220 529
432 30 g017
43240 65.12
43250 70.00 i
QK ” Cancel Apply
L% T - &




Mclndoes

-
n Reservoir Editor

——.—-—_—.

Reservoir Edit Dam

==

Reservoir ’Mclndoes

v] Description

| [W][w] 22 074 ][]

Physical | Operations | Observed Data|

LS

- ==

Figure 4: Reservoir Editor: Physical Tab -- Dam
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AQ Mcindoes Melndoes-Dam
&) Pool
BUEM Elevation at top of dam (ft) ‘ 4ﬁg_g|

=4 Power Plant

| P Tailwater Length at top of dam (ft) ‘ ?30_0|

=% Uncontrolled Qutlet

’ skimmer gate Composite Release Capacity
A tainter gate

.4 needle flashboard Elevation | Controlled| Uncontr... Total

... 4y pin flashboard (ft) (cfs) (cfs) (cfs) 460
437.0| 22, 380.0 0.0[ 22,3800/ 4| § ]
438.0( 22,780.0 0.0| 22,780.0 E §§ a
440.0| 24,130.0 0.0| 24,130.0 o 440
442.0| 25,980.0 0.0| 25,980.0 TT T 111
144.0 28,180.0 0.0| 28,180.0 0 40,000
445.0( 29,480.0 0.0| 29,480.0( = F vy
445.5| 30,130.0 0.0| 30,130.0| {cTs)
446.0( 30,780.0 0.0| 30,780.0
446.5( 31,530.0 0.0| 31,530.0
447.0| 32,280.0 0.0( 32,280.0

I 447.5| 33,030.0 0.0| 33,030.0[—
448.0( 33,780.0 0.0| 33,780.0
448.5| 35,792.5 0.0| 35,792.5
449.0| 38,105.0 0.0| 38,105.0
449.5| 40, 367.5 0.0| 40,367.5
450.0( 42,930.0 0.0| 42,930.0
450.5| 45,817.5 0.0| 45,817.5
451.0| 48,705.0 0.0| 48,705.0
451.5| 52,292.5 0.0| 52,292.5
452.0( 55,580.0 0.0| 55,580.0
452.5| 58,230.0 0.0( 58,230.0
453.0| &0, 580.0 0.0| 60,580.0| -
QK ” Cancel Apply




Mclndoes

lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 4 shows the definition of McIndoes’s
“Existing” operational zones, which consist of zones of Top of dam (460 ft), Below Top of dam (459 ft),
Conservation (451 ft), Bottom of Conservation (447.5 ft), and Inactive zone (436 ft)".

p
K1 Reservoir Editor

h‘

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir | yicndoes

- Description

-Eh}'sical Operations | Observed Data

Operation Set iExisting Ops v: Description =M
Zane-Rules | Rel. Alloc. | |
s Top of Dam : _—
C i
% Below Top of Dam Storage Zone |Conservation Description m)] |
(@ Min Flow Function of [ pefine.. |
{} Constant release Date m I
- .
H f® Min Flow Date Top Elevation (ft)
[l Release=95%Inflow 01Jan 451.0 450
#-{ } Constant release
g Bottom of Conservation 455+
oA [nactive =
= 450
=
T 445
il
w
440+
4354
T T T T T
Jan Mar May Jul Sep Moy
| |
Zone Sort Elevation
oKk || cancel apply |

Figure 5: Reservoir Editor: Operations Tab —Existing OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named

Existing65 .

:i Reservoir Editor .

Reservoir Edit Operations Zone Rule IF_Block

Resenoir | pandoes ~ | Description

Physical | Qperations | Observed Data

Operation Set :Existing Ops v:

Zone-Rules | Rel. Allec. | | |

|.- Top of Dam
#* Below Top of Dam

Iél--{.} Constant release

= |F (440=<Elev=443 & flow==20000)
“[l Release=800 cfs
= ELSE IF (443=<Elev=445 & flow==20000)
“[l Release=900 cfs
= mb ELSE IF (446=<Elev=449 & flow==20000)
“[l Release=1000 cfs
= ELSE IF (449=<Elev=451 & flow==20000)
“[l Release=1100 cfs
== ELSE IF (451=<Elev=454 & flow==20000)
“[l Release=1200 cfs
= m ELSE IF (440=<Elev=443 & flow=20000)
“[l Release=1200 cfs
== ELSE IF (443=<Elev=446 & low=20000)
“[l Release=1300 cfs
= m ELSE IF (446=<Elev=449 & flow=20000)
“[l Release=1400 cfs
= m ELSE IF (449=<Elev=451 & flow=20000)
“[l Release=1500 cfs
== ELSE IF (451=<Elev=454 & flow=20000)

~[ll Release=1600 cfs
-~
[l Min Flow
[l Release=95%lInflow
#-f } Constant release
g Bottom of Cansenvation
M [nactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

® TransCanada. Connecticut River Operational Constraints. 2012.
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Figure 7 shows a sequential release allocation approach specified for available outlets along Bellows
Falls Dam. The available outlets are given an order of priority for release. The power plant gets the
release first until it reaches release capacity. The skimmer gate gets the remainder of the release until it
reaches capacity. Then the flow passes through tainter gate. After the capacity through the tainter gate
is reached, the remainder of the release goes through the needle flashboard and pin flashboard,
respectively.

EI Reservoir Editor - ‘ - M

Reservoir Edit Operations

Resenoir | oindoes ~ | Description [ E@ 2

Physical | Operations | Observed Data

Operation Set :Existing Ops v: Description

Zone-Rules | Rel. Alloc. | | |

Release Allocation Strategy

!i‘-. Mcindaes - Balanced Release Location: Mcindoes-Dam

=R M cindoes-Dam (1.0) - Sequential I
. 4 i (1.0)- Seq Allocation Type: Sequential

<> Meindoes-Power Plant

() Mcindoes-skimmer gate

<y Mcindoes-tainter gate I'-ah:Indaes-F'n_werF'lam
<> Mcindoes-needle flashboard Mcindoes-skimmer gate
Mcindoes-tainter gate

Mclndoes-needle flashboard
Mcindoes-pin flashboard

Figure 7: Reservoir Editor: Operations Tab — Existing OpSet — Release Allocation
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C. Rule Descriptions

1. Min Flow

Figure 8 shows the content of “Min Flow” rule. This rule represents the minimum allowable
release from dam.

Operation Set :Existing Ops

v: Description

Zone-Rules | Rel. Auoc_l

#A Top of Dam

#® Below Top of Dam
-

=-{ } Constant release
o™ Conservation

~[@ Min Flow

[l Release=05%Inflow
=-{ } Constant release
#A Bottom of Conservation
M [nactive

Operates Release From: Mclndoes-Dam
Rule Mame: | \in Flow Description:
Function of: |pate

Limit Type: :Minimum ,: Interp.::mep

Date Release (cfs)
01Jan 2210.0
01Apr 4420.0
01Jun 1105.0
010ct 2210.0

< | 1 | »

-

4400
4,000
3,500
3,000
2,500
2,000
1,500

{cfa)

Releasze

T T T T T
hday Sep

[7] Day of Week Multiplier
[ Rising/Falling Condition

Seasonal Variation Edit...

Jan

[] Period Average Limit
[] Hour of Day Multiplier

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow
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2. Constant release

Figure 9 shows the content of “Constant release” rule. It shows the minimum allowable release
for different combinations of Inflow and elevation.

Cperation Set :Existing Ops - Description E]
Zone-Rules | Rel. Alloc. | |
# Top of Dam Operates Release From: Mcindoes-Diam
ﬂ_ Below Top of Dam
~ [ Min Flow Name:  Constant release Description: )
EBF] Constant release |
(=B |F(440 Elev=443 & flows= 20000) Type Name Description
-l Release=800 cfs IF 440=<Elgv=443 & flow==20000
= ELSEIF (443==Elev=446 & flow==20000) ELSEIF 443==Elev=445 & flow==20000
- -[H Release=900 cfs ELSEIF  |446=<Flev=449 & flow==20000
- ELSE IF (446=<Elev<449 & flow>=20000) ELSEIF _ |449=<Elev=451 & flow==20000
[ Release=1000 cfs ELSEIF__|451=<Elev=454 & flaw==20000
B * ELSE IF (449==Elev=451 & flow==20000) ELSEIF 440=<Fley=443 & flow=20000
. -8 Release=1100 cfs ELSEIF |443=<Flev=446 & flow=20000
* ELSE |F[45'1 <Elev<454&ﬂow=:20000} ELSEIF 44F=<Flev=449 & flow=20000
. -8 Release=1200 cfs ELSEIF  [449=<Elev=451 & flow=20000
B * ELSE IF (440=<Elev=443 & flow=20000} ELSEIF 451==Eley=454 & flow=20000

L[l Release=1200 cfs

EI * ELSE IF (443=<Elev=446 & flow=20000}

i [l Release=1300cfs

= ELSE IF (446=<Elev=449 & flow=20000)

@ Release=1400 cfs

=g -P ELSE IF (449==Elev=451 & flow=20000)
[l Release=1500cfs
=5 * ELSE IF (451==<Elev=454 & flow=20000})

------ B Release=1600 cfs

™ Conservation

[ Min Flow

-l Release=95%Inflow

+-{ } Constantrelease

g Bottom of Conservation

# nactive

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Constant release
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3. Release=95% Inflow

Figure 10 shows the content of “Release=95% Inflow” rule. It releases 95% of Inflow as a
minimum release from power plant as per the run-of-river modeling strategy.

Operation Set :Existing Cps

-

: Description

Zone-Rules | Rel. Alloc. |

™ Top of Dam

™ Below Top of Dam

[ Min Flow

- } Constantrelease
@A Conservation

[l Min Flaw

B
- } Constantrelease
g Bottom of Conservation
o [nactive

Operates Release From: Mclndoes

Rule Name: Release=95%Inflow

Description:

Function of: |Mcindoes-Pool Inflow, Current Value

Limit Type: jMinimum vj Interp.: jLine... vj

Flow {cfs) Release (cfs)

0.0 0.0

100000.0 95000.0

-

"
o

00,000
60,000 3
30,000 3

Release (fs)

Flow (&)

7] Period Average Limit
["] Hour of Day Multiplier
[] Day of Week Multiplier

[7] Rising/Falling Condition

[7] seasonal Variation

17T 1T T 7T 7T T°T
1] 30,000 60000 90,000

Edit...

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release=95% Inflow
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Moodus

l. Overview

Moodus reservoir and dam is located on the Moodus River in East Haddam, CT. The dam is owned by
the State of Connecticut. It is primarily used for recreation and some local flood protection.

Figure 1 shows the location of Moodus reservoir as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Moodus reservoir.

- Moodus

3 (’C‘:J k _,;’

e
.\_ri‘(

Moodus_In

onmecticut at fouth £

Figure 1: HEC-ResSim Map Display Showing Location of Moodus
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Figure 2: Photo of Moodus reservoir

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°. The dam consists of
an uncontrolled spillway and outlet as shown in Figure 4%”.

% provided by the operators of Moodus
¥ wMC Consulting Engineers. Moodus Reservoir Dam. Newington, CT 2006.
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f ™
n Reservoir Editor - cm—— . —— — M
Reservoir Edit Pool
i Resewoir[Moodus v] Descripti0n| E]| (W][«] 56 0f74|m@
Physical |Qpera.ﬁons Obsenved Data|
A Moodus Moodus-Pool
ool
@ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft) |:| I
<> Uncontrolled Qutlet Elevation Storage Area
(ft) (ac-ft) (acre)
357.00 2940.00 REU
358.00 3391.00 F= 359.04
359.00 3880.00 5 25004
360.00 4390.00 w 7
357.0
T T T T 1T
| 3,000 3,600 4200
Stor (ac-fty
360.04
e 359.0:
B 350.0
i i
357.0
T T T T T
1} 100 200
Area (acre)
’ OK ” Cancel Apply
o =
Figure 3: Reservoir Editor: Physical Tab -- Pool
f ™
ﬂ Reservoir Editor _ - SE— - . ——— — u
Reservoir Edit Dam
| Reser\foir[Moodus v] Descripti0n| E]| [W][«] 56 0f74|m@
Physical | Operations | Observed Data|
Q Moodus Moodus-Dam
i Pool
= Um Elevation attop of dam (ﬂ}| 352_g|
& spillway
<> Uncontrolled Outlet Length at top of dam (ft) | 275_o|
Composite Release Capacity
Elevation | Controlled | Uncontrol... Total
(ft) (cfs) (cfs) (cfs) -
357.0 0.0 0.0 0.0)«| § E
357.3 0.0 54.2 54.2[ 7 & & 3603
| 357.6 0.0 153.4 153.4 2 357
357.9 0.0 281.8 281.8 TTTTTT
358.2 0.0 133.8 133.8 o 000
358.5 0.0 606.2 606.2 Flawe
358.8 0.0 796.9 796.9(= (cfs)
359.1 0.0 1,004.3 1,004.3
359.4 0.0] 1,227.0] 1,227.0
359.7 0.0/ 1,464.1] 1,464.1
360.0 0.0/ 1,714.7| 1,714.7
360.5 0.0 1,782.0 1,782.0—
361.0 0.0 1,905.0 1,905.0
362.0 0.0] 2,252.9] 2,252.9
363.0 0.0/ 2,703.5| 2,703.5
364.0 0.0 3,237.1 3,237.1

Ok ] ’ Cancel Apply

Figure 3 Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 4 shows the definition of Moodus’s
“Guide Curve” operational zones, which consist of zones of Flood control (360 ft), Conservation (357 ft),
and Inactive zone (342.5 ft).

r - ™
Ei Reservoir Editor -_— e e O —_— ﬁ
Reservoir Edit Operations Zone Rule IF_Block

Resenoir | joodus ~ | Description | [1])[«] 56 or74 [ ][m]
Physical | Operations | Observed Data
Operation Set :Guide Curve v: Description [:]
Zone-Rules | | |
@™ Flood Control - -
' Storage Zone Conservation Description o
Wl [nactive Function of |pate
Date Top Elevation (ft)
01Jan 357.0| - 362
360
388
— 386
£ 354
5 3521
% 350
o 3484
346
3444
342 T T T T T
Jan Mar May Jul Sep Moy
Zone Sort Elevation

| ok || cancel Apply

L

Figure 4 Reservoir Editor: Operations Tab — Guide Curve OpSet

B. Rule lllustrations

The operation set for Moodus has no rules of operation making it a flow through reservoir. The pool
elevation will remain at the top of conservation unless the inflow exceeds the total release capacity.
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Moore

l. Overview

Moore dam is located on the mainstem Connecticut River in the towns of Littleton, NH, and Waterford,
VT. It is owned and operated by TransCanada Hydro Northeast Inc. as part of the 15 Mile Falls project
for hydropower generation on a peaking, seasonal storage basis.

Figure 1 shows the location of Moore dam as it is represented in the HEC-ResSim model, and Figure 2
shows a photo from Moore dam.

daare_Out tg Camerfard_In

O onnecticut at Mouth

Figure 1 HEC-ResSim Map Display Showing Location of Moore
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Figure 2: Photo of Moore dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3%. The dam consists of

four types of outlets: (1) controlled skimmer gate, (2) controlled tainter gate, (3) uncontrolled stanchion
Bays, and (4) power plant as shown in Figure 4.

® Data provided by TransCanada
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-
n Reservoir Editor

— ———— o I —. uw

Reservoir Edit Pool

Resenvair lMoore

"l Description

) (W)(a] 12.0t74[w](n]

Physical | Operations | Observed Data|

,ﬂ. Moore

& 1rool]

=57 Dam
-4 Power Plant
i 4 Tailwater

-4 Tainter gate

----- % skimmer gate

-y stanchion Bays

||
Moore-Pool
@ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft) I:l
Elevation Storage Area
(ft) (ac-t) (acre)
769.00 0.00 -
769.10 22230 =
769.20 444 60 EI |
769.30 66G6.90 8204
T69.40 28930 E
769.50 1111.60 & 800
TEA.B0 1333.90 a i
769.70 1556.20 w 807
76380 1778.50 760 T T T T T
769.90 2001.70 i} 80,000 160,000
770.00 222400
77010 2449 60 Stor (ac-)
770.20 2675.20 820
F70.30 290080 4
770.40 3126.40 & 800+
FT70.50 335210 =] T
770.60 3577.70 m 7807
770.70 3803.30 11 R e e i o
T70.80 4028.90 2 4 F 8 10 I
770.80 4254 50
771.00 4480.20 A (ATELE
77110 4709.10 I
771.20 4938.00
771.30 5166.10
T71.40 539500 -

Figure 3:

Reservoir Editor: Physical Tab -- Pool
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Moore

r ™
ﬂ el _.—.-_-—._ u
— i —
Reservoir Edit Dam
ResewoirlMoore "l Description [:]| (][] 19 0f74|@@
Physical |Qperatior13 | Observed Data| |
A Moore Moore-Dam
: Pool
=7 BEl Elevation at top of dam (ft) | 320_0|
-4 Power Plant
4 Tailwater Lengtn attop of dam () | 2920.0]
% skimmer gate
: QTaimergate Composite Release Capacity
-.-<y stanchion Bays
Elevation | Controlled | Uncontro... Total .
ft) (cfs) (cfs) (cfs) 820
775.0( 17,664.0 0.0] 17,664.0| S SDD:/
779.0( 17,664.0 0.0| 17,664.0 [ EU =) i
779.2| 17,709.0 0.0[ 17,709.0)%| & 7807
779.4( 17,754.0 0.0| 17,754.0]— rTTTT
779.6| 17,829.0 0.0| 17,829.0 o eopod
779.8( 17,904.0 0.0] 17,904.0 F
780.0| 17,988.0 0.0| 17,988.0 {cfs)
780.2( 18,090.0 0.0| 18,090.0
780.4( 18,189.0 0.0 18,189.0
780.6( 18,324.0 0.0| 18,324.0
780.8( 18,459.0 0.0 18,459.0
781.0( 18,609.0 0.0| 18,609.0
781.2| 18,729.0 0.0| 18,729.0
781.4( 18,894.0 0.0 18,894.0
781.6( 19,059.0 0.0| 19,059.0
781.8| 19,239.0 0.0| 19,239.0 |
782.0( 15,374.0 0.0| 19,374.0
782.2( 19,614.0 0.0 19,614.0
782.4( 15,779.0 0.0] 19,779.0 I
782.6( 20,019.0 0.0 20,019.0
782.8| 20,214.0 0.0| 20,214.0| «
0K H Cancel Apply

L

Figure 4: Reservoir Editor: Physical Tab -- Dam

—— e )
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Moor’s
“Existing” operational zones, which consist of zones of Top of dam (820 ft), Below Top of Dam (809 ft),
Conservation (779.8-806.5 ft), and Inactive zone (769 ft). The Conservation Pool Elevation curve was
created from 10 years of weekly average pool elevation®.

r ™y
:i Reserveir Editer lé]

— —— -

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir :Moore v: Description o E@ 10 of 74 @@

Physical| Qperations | Observed Data

Operation Set jExisting vj Description C]
Zone-Rules | Rel_,\\]loc_l | |
o Top of Dam - L
C 1
& Delow Top of Dam Storage Zone |LONSenaton Description 8]
- 3 Min Flow T -
Date
#-{ } peaking power 2
---- B Release into fish trap -
#-f } Bass spawning Date Top Elevation (ft) 430
L Jconservation] 01Jan 805.0 »
- 3 Min Flow 10Jan 803.1[ az0
#-{ } peaking power 20Jan 801.4 2104 I
----- @ Release intofishtrap ||[31Jan B007|=| = I/~—.L_d___,_.--x
#-{} Bass spawning 10Feh 797.9 = 8004 j
N Inactive 20Feb 793.0 2 790
26Feb 7904 £ / |
10Mar 786.3 w 780
20Mar 781.4 220
31Mar 7798
10Apr 7848 a0 L
20Apr 7015 Jan Mar May Jul Sep MNov |
30Apr 799.4
10May 804 .4
20May 8059
31May 8065 ]
10Jun 806.1| -
Zone Sort Elevation
[ Ok ] [ Cancel Apply

" —— -— - = A

Figure 5: Reservoir Editor: Operations Tab —Existing OpSet — Guide Curve

Figure 6 shows a sequential release allocation approach specified for available outlets along Harriman
Dam. The available outlets are given an order of priority for release. The power plant gets the release
first until it reaches release capacity. The skimmer gate and tainter gate gets the remainder of the
release, respectively.
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ﬂ Reservoir Editor

Reservoir Edit Operations

Reservoir 'I'u'lunre + | Description

Physical| Operations | Observed Data

Operation Set :E}{isﬁng v: Description

Zone-Rules | Rel Alloc. | |

Release Allocation Strategy

i:"'-. Moore - Balanced Release Location: Moore-Dam
=R oore-Dam (1.0) - Sequential . _ .
<y Moore-Power Plant Allocation Type: | Sequentia

<y Moore-skimmer gate

{*\} Moore-Tainter gate Maore-Power Plant

Moare-skimmer gate
Moore-Tainter gate

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation
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B. Rule lllustrations

Figure 7 shows a set of operational rules specified for each zone that reflects the operation set named

Existingsg.

Ei Reservoir Editor

Physical | Operations | Observed Data

Reservoir Edit Operations Zone Rule IF_Block

Resenoir yoare » Descriptio

Cperation Set :Existing

Zone-Rules | Rel.ﬁdlnc.l |

@™ Top of Dam
##™ Below Top of Dam
=-{ } Min Flow
== |F (Inflow==320)
- [l Min Flow-320 cfs
== ELSE (Inflow=320)
~ [0 Min Flow = Inflow
=-{ } peaking power 2
== |F (Code =0)
. [l Release=Inflow
== ELSE IF (Code = 1)
- [l 2hrsGen_2
== ELSE IF (Code = 2)
‘[l 4hrsGen_2
----- [l Releaseinto fish trap
=-{ } Bass spawning
E}* IF (5/21-6/30)
=-{ } Current Elevation
- |F (elev==802)
- [W 2 ft decreasing rate
=t mp ELSE (elev=802)

------ [B zero decreasing rate
 Jconservation

-{ } Min Flow

-{ } peaking power

[l Release into fish trap

-f } Bass spawning

I.- Inactive

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

% TransCanada. Connecticut River Operational Constraints. 2012.
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C. Rule Descriptions

1. Min flow
Figure 8 shows the content of “Min Flow” rule. This rule sets the minimum flow to 320 cfs for
the inflows greater than 320 cfs and inflow for the inflows less than 320 cfs.

COperation Set :Existing v: Description E
Zone-Rules | Rel. Alloc. | |
o Top of Dam N N
# Below Top of Dam MName: \Win Flow Description: =
EXH]in Flow | —

EI-P IF (Inflow==320) Type MName Description

[l Win Flow-320 cfs IF Inflow==320

EI-P ELSE (Inflow=320) ELSE Inflow=320

[0 Min Flow = Inflow
Operation Set iExisting "j Description ]
Zone-Rules | Re|_m|gc_| |
#h Top of Dam Operates Release From: Moore-Dam
™ Below Top of Dam
=-{ } Min Flow IF Conditional ||nflow==320 Description: =
: EI-P IF (Inflow==320)
: 8 Min Flow-320 cfs Value1 Value2
== ELSE (Inflow=320) | Moore-Pool:MetInflow | == | 320
[l Min Flow = Inflow P

Operation Set :Existing v: Description [:]
Zone-Rules | Re|_,\\j|gg_| | | |
L EUF of_lli_Jam o Operates Release From: Moore-Dam
@M Below Top of Dam ) L
‘_%'"'[.} Min Flow Rule Mame: \Min Flow-320 cfs Description: |

== |F (Inflow==320) R

RS | 1in Flow-320 cfs HAchen ot Date

EI* ELSE (Inflow=320)
: [l Min Flow = Inflow
- } peaking power 2
[l Release into fish trap
#-{ } Bass spawning
# Conservation
L } Min Flow
i-{ } peaking power
~[l Release into fish trap
#-{ } Bass spawning 316 — T T T
o [nactive Jan Mar May Jul Sep Maw

Limit Type:  Minim.. » | Interp: [Lin_ «

324
Date Release (cfs) 7
01Jan 320.0| 3224

(5]
[n]
=

3184

Release (cfs)

Operation Set :Existing v: Description ]

Zone-Rules | Rel. Alloc. | |

™ Top of Dam Operates Release From: Moore-Dam
o Below Top of Dam

=-{ } Min Flow ELSE Conditional |nflow=320 Description: J
. B JF (Inflow==320)

¢ o[l Min Flow-320 cfs
SR g= S (nflow=320)]

B Min Flow = Inflow

335



Moore

Operation Set iExisting "j Description ]
Zone-Rules | Rel. Alloc. |

w Top of Dam Operates Release From: Moore-Dam

E“?ilt’]ﬂnrnTFolgvstam Rule Mame: |Min Flow = Inflow Description: =

- = IF (Inflow==320)
- [ Min Flow-320 cfs
- = ELSE (Inflow=320)

=-f } peaking power 2
[l Release into fish trap
=-{ } Bass spawning

# Conservation

=-{ } Min Flow

{ } peaking power

Function of:

Moore-Pool Met Inflow, Current Value

Limit Type: |Minim... - Interp: Lin.. =

1,200,000

Flow (cfs)

Release (cfs)

0.0

0.0

100.0

100.0

1000000.0

1000000.0

1,000,000+
800,000+
600,000
400,000
200,000+

Release {tfs)

[ Release into fish trap
#-{ } Bass spawning
o [nactive

1]

0

TT T T T T
600,000

Flow (cfs)

Figure 8: Reservoir Editor: Operations Tab — Existing OpSet — Min Flow

2. Peaking power 2

This rule represents the peaking power strategy applied for Moore reservoir. The content of the rule

is shown in Figure 9.

Operation Set :Existing

v: Description

Zone-Rules | Rel. Alloc. |

™ Top of Dam

@™ Below Top of Dam

&-{ } Min Flow

=43
== |F (Code =0)
. [l Release=Inflow
= ELSE IF (Code = 1)
. W 2hrsGen_2
El* ELSE IF (Code = 2)

[l 4hrsGen_2
----- [ Release into fish trap
-f } Bass spawning

Operates Release From: Moore-Dam

Mame: peaking power 2 Description: =
Type Mame Description
IF Code =0
ELSEIF [Code=1
ELSEIF |[Code=2

Operation Set Existing

v: Description

Zone-Rules | Rel. Mloc_l

@ Top of Dam

@™ Below Top of Dam

-{ J Min Flow

=-{ } peaking power 2

=8 IF (Code =0)

. [l Release=Inflow
== ELSE IF (Code = 1)
[ 2hrsGen_2
E}* ELZE IF (Code =2)
[0l 4hrsGen 2
-l Release inta fish trap

+-f } Bass spawning

Operates Release From: Moore-Diam

IF Conditional | cpde =0 Description:
Waluel Value2
|  Moore_Hydropower | = | 0

l
J
Add Cond.
| Del Gond._

Del. Cond.
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Operation Set Existing

v: Description

Zone-Rules | Rel. Alloc. |

o Top of Dam

#™ Below Top of Dam

w=-{ } Min Flow

=-{ } peaking power 2

- = IF (Code =0)
|
= ELSE IF (Code = 1)
. -[H 2hrsGen_2
= ELSE IF (Code = 2)
[l 4hrsGen_2
----- [ Release into fish trap
#-{ } Bass spawning

wh Conservation

- } Min Flow

£-{ } peaking power

[l Release into fish trap

Function of.

Rule Name: Reglease=Inflow

Operates Release From: Moore-Power Plant

Limit Type: | Minim.. - | Interp: Lin.. «

Flow (cfs)

Release (cfs)

0.0

0.0

100000.0

100000.0

Maare-Pool Met Inflow, Current Value

Release (cfs)

Description:

Define...

120,000
100,000
50,000
§0,000
40,000
20,000

0

' T T T T T T T°1
50,000 100,000

Flowe {cfs)

Resenvoir [yaore

-

Physical Operations | Observed Data

Description

| [W][4] 19 0r74 ]|

Cperation Set Existing

vi Description

Zone-Rules | Rel.NIoc.l

@ Top of Dam

™ Below Top of Dam

-4 } Min Flow

=-{ } peaking power 2
- = IF (Code =0)
. [ Release=Inflow
=80 4FLSE IF (Code = 1)
[l 2hrsGen_2
EI* ELSE IF (Code = 2)

[l 4hrsGen_2
----- [@ Release into fish trap
#-f } Bass spawning

ELSE IF Conditional |cgde =1

COperates Release From: Moare-Power Plant

Description:

Yalue1

| Moore_Hydropower

Value2

Del. Cond.

(
L
Costooma
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Operation Set :Existing

v: Description

Zone-Rules | Rel. mmc_l

o Top of Dam

## Below Top of Dam

- } Min Flow

=L } peaking power 2
= IF (Code =0)

¢ o[l Release=Inflow

= ELSE IF (Code=1)

e

Operates Release From: Moore-Fower Plant
Hydropower - Power Guide Curve Rule | 2nrsGen_2
Description:

Zone at Top of Power Pool | Below . -

Zone at Bottom of Power Pool 'Conse... =

= ELSE IF (Code = 1)
. [l 2hrsGen_2
=R L SE IF (Code = 2)

= -’ ELSEIF (Code =2) % Power Storage Plant Factor (%)
‘[l 4hrsGen_2
----- [B Release into fish trap 0.0 0.0
. 100.0 8.33 120
=--{ } Bass spawning
M Conservation o 1007
- } Min Flow F o0
--{ } peaking power % -
----- [ Release into fish trap =
+--f } Bass spawning £ 404
i o
o [nactive s 207
i T T T T T T 1
01 2 3 4 458 6 TF 8 4
Flant Factor (%)
’ Power Generation Pattern...
Operation Set :Existing v: Description [
Zone-Rules | Rel. Mmc_l |
@ Top of Dam Operates Release From: Moore-Power Plant
# Below Top of Dam
F-f F Min Flow ELSE IF Conditional | ¢pde = 2 Description: [:]
=L } peaking power 2
== |F (Code =0) Value Value2
W Release=Inflow | Moore_Hydropower | = | 2
Add Cond.

[l 4hrsGen_2
[l Release into fish trap
+-f } Bass spawning

Del. Cond.
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Operation Set :Existing

v: Description

Zone-Rules | Rel Alloc. |

o Top of Dam
# Below Top of Dam

&=-{ } Min Flow

=-{ } peaking power 2
- = IF (Code =0)

. [ Release=Inflow
== ELSE IF (Code = 1)
¢ [ 2hrsGen_2
== ELSE IF (Code = 2)

#-{ } Bass spawning
#™ Conservation
#=-{ } Min Flow
#-{} peaking power
-l Release into fish trap
#-{ } Bass spawning
o [nactive

Operates Release From: Moore-Power Plant

Hydropower - Power Guide Curve Rule |4nrsGen_2

Description:

Zone at Top of Power Pool

Zone at Bottom of Power Pool 'r_‘,gnse___ =

Below.. -

% Power Starage

Plant Factor (%)

0.0

8.33

100.0

16.67

% Power Storage

120

100+
a0
Fill
40+
20+

1]

T T T T T T 1
g 91011 121314151617

Flant Factor (%)

Power Generation Pattern...

Figure 9: Reservoir Editor: Operations Tab — Existing OpSet —peaking power 2

Figure 10 describes the definition of codes used in the Moore_Volume state variable. The code is

summing up the current Inflow and previous storage in each time step, compare it to the volume

needed for generating 2 and 4 hours power and to the spillway storage minus inactive storage and

then decide how much to release.
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— ™
[ State Variable Editor* s ﬂ
StateVariable Edit

Name. | Moare_Hydropower | Description ] (W] 4.0r7 [ ](m]

Parameter Name: |code Parameter Type: :Code = | [] Always Compute

Initialization | Main | CleanUp

.. TimeSeries 1 # no return values are used by the compute from this script. ol
./ WModel Variable 2
- | State Variables ; ; ; . .
A‘F’\s 3 #The code is summing wp the current Inflow and preveius storage in egch timestep,compars it to the volume nesdsd For
| Wath 4 #generating 2 and 4 hours power and te the spillway storage minus ingctive storage and then decide how much to releas A
|\ HecTime #
| Network 6 # Code =0: I+5 »S(spillway storage)-5(inactive storage)
, RunTimeStep 7 #  code =1:0< I+5<V{Zhrs.Gen)
| J RunTimeWindow 8 # code =2Z: V(Zhrs.Gen)<I+5<V(dhrs.Gen)
StateVariable 9 # code =3: V(dhrs.Gen)<I+S
, TimeSeries 10
‘ g:gme 11 # S(spillway storage)-S(inactive storage)=223T82-109670. F6=114051. 24 (act)
12 #outlet capacity=17664(cfs)
13 #V(Zhrs.Gen)=(Z%outlet capacity)*d.082=2919(acf)
14 #V(dhrs.Gen)=(d%outlet capacity)*d.082=5835(act) I
15
16 from hec.model import RunTimeStep E |
17
15 Inflow T3=network.getTimeZSeries|"Reservoir”, "Moore”, "Pool”, "Flow-IN MNET")
12 Imflow= Inflow T3.getCurrentValue (currentRuntimestep)
z0 Inflow acf=Inflow®l.33d
2zl Srtorage T3 = network.getTimeSeries ("Reservoir”, "Noore”, "FPool'™, "3tar™) i
2z Srorage=3torage TS.getPreviousValue (currentRuntimestcep)
23
24 Volume=Inflow acf+(Itorage-109670)
25 1f Voluwe > 114051.24:
26 Code=0
27 elif O<Volume <=2919: |
28 Code=1
29 elif 2912<Volume <=5038:
30 Code=2
31 elif 5838<Volume<114051.24: 4
32 Code=3
33 else:
34 Code=4
35
36 57
4 1, +
[ Insertin Script ] [ Compile Script ]
116
=—— —— — /

Figure A10: State Variable Editor: Moor_Volume
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3. Release into fish trap

Figure 11 shows the content of “Release into fish trap” rule. This rule represents a 500 cfs
release from Aprl-Juni5.

Operation Set Existing

-

Description

Zone-Rules | Rel. Alloc. |

™ Top of Dam
w® Below Top of Dam

- } Min Flow

=-{ } peaking power 2
- = IF (Code =0)

. [l Release=Inflow
- = ELSE IF (Code = 1)
. [ 2hrsGen_2
== ELSE IF (Code = 2)

------ W 4hrsGen_2

----- ri
#-{ } Bass spawning

#™ Conservation

&=-{ } Min Flow

t-{ } peaking power

[l Release into fish trap
#-{ } Bass spawning

o [nactive

Operates Release From: Moore-Diam

Rule Name: Release into fish trap

Function of. |pate

Limit Type: |Minim... ~ | Interp: [Lin.. =

Description:

Date Release (cfs)
01Jan 0.0
FMar 0.0
01Apr 500.0
15Jun 500.0
16Jun 0.0

8
@

600
5004
400
300+
200+
100

1] T T T T T
Jan Mar May Jul Sep Moy

Release (cfs)

[7] Period Average Limit

[T Hour of Day Multiplier

[7] Day of Week Multiplier Edit...

=

[7] Rising/Falling Condition Edit...

Seasonal Variation Edit...

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release into fish trap
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4. Bass spawning

Figure 12 shows the content of “Bass spawning” rule. It shows a decreasing maximum rate of

elevation change of 2 ft/hr when the pool elevation is greater than 802 ft and a decreasing

maximum rate of elevation change of zero ft/hr when the pool elevation is less than 802 ft during

May21-Jun30.

Operation Set :Existing

v: Description

Zone-Rulss | Rel. Alloc. | |

o™ Top of Dam
# Below Top of Dam

Operates Release From: Moore

[
&
Del. Cond.

== IF (5/21-6/30)
=-f } Current Elevation

B4 (cle==202)

---{} Min Flow IF Conditional | 5/21-5/20 Description:
+--{ } peaking power 2
ﬁ Release into fish trap Value1 Value2
=-{} Bass spawning Current Time Step == 05May
SR (5/21-6/30) AND | CumentTime Step | == 30Jun
=-{ } Current Elevation Add Cond.
- = IF (elev==802)
¢ [ 2ftdecreasing rate
== ELSE (elev=802)
‘W zero decreasing rate
Operation Set :Existing v: Description E]
Zone-Rules | Rel. A]lgc_l I
wh Top of Dam Operates Release From: Moore
# Below Top of Dam
&4 Min Flow Mame: Cuyrrent Elevation Description: =
{ } peaking power 2
~[l Release into fish trap Type Mame Description
=-{ } Bass spawning IF elev==802
= IF (5121-6/30) ELSE  |elev<B02
ERRICurrent Elevation
2w IF (elev==802)
. [ 2t decreasing rate
= = ELSE (elev=802)
[l zero decreasing rate
Operation Set :Existing v: Description 2
Zone-Rules | Rel. alloc. | I
wh Top of Dam Operates Release From: Moore
wh Below Top of Dam
--{} Min Flow IF Conditional | g|ey==802 Description: [:]
i-{ } peaking power 2
i [E Release into fish trap Value1 ValueZ
=-{ } Bass spawning | Moore-Pool:Elevation | == | 802
Add Cond.

. “-[@ 2 f decreasing rate
- ELSE (elev<802)
[l zero decreasing rate

Del. Cond.
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Operation Set :Existing v: Description E]
Zone-Rules | Rel. Ajloc_l |
w™ Top of Dam Operates Release From: Moore
g™ Below Top of Dam . _—
__.{} Min Flow Elevation Rate of Change Limit |2 & decreasing rate
#-{ } peaking power 2 Description &l
[l Release into fish trap
=-{ } Bass spawning Function Of |
: - Constant -
E}* IF (5421-6/30) - :
=-{ } Current Elevation Type Decreasing -
== |F (elev>=802) ' '
12 it decreasing rate @ Instantaneous
E‘* ELSE (elev=802) () Period Average
[l zero decreasing rate
o™ Conservation Max Rate of Change (ft/hr) 2.0
L } Min Flow
Operation Set :Existing v: Description E]
Zone-Rules | Rel. Alloc. | |
™ Top of Dam Operates Release From: Moore
o™ Below Top of Dam
...{} Min Flow ELSE Conditional |gjey=g02 Description: |
&-{ } peaking power 2
[l Release into fish trap
=-{ } Bass spawning
= |F (5/21-6/30)
=~ } Current Elevation
= |F (elev==802)
¢ [l 2fdecreasing rate
=8 JELSE (elev=802)
[l zero decreasing rate
Operation Set :Existing v: Description [:]
Zone-Rules | ReI.AIIUC.I I
wh Top of Dam Operates Release From: Moore
@ Below Top of Dam . o
___{} Min Flow Elevation Rate of Change Limit zarg decreasing rate
} peaking power 2 Description o

-l Release inta fish frap
=-{ } Bass spawning
- |F (5/21-6/30)
=--{ } Current Elevation
- = |F (elev==502)
. W 2ftdecreasing rate
== ELSE (elev=802)
#™ Conservation
- } Min Flow

Function OF | constant
Type iDecreasing
@ Instantaneous
(7) Period Average

Max Rate of Change (ft/hr)

a.

a

Figure 12: Reservoir Editor: Operations Tab — Existing OpSet — Bass spawning

343




Nepaug

Nepaug

l. Overview

Nepaug dam is located in the town of New Hartford,

CT on the Nepaug River that feeds into the

Farmington River. It is owned and operated by the The Metropolitan District of Hartford, Connecticut
(MDC) and is used for water supply for the City of Hartford as well as the City of New Britain.

Figure 1 shows the location of Nepaug Dam as it is represented in the HEC-ResSim model. Figure 2

shows a photo of Nepaug Dam.

W
—~
-O.l Second Connecticut Lake_Infl
= (o
f

Pt
onmesticut-at Wouth = =

WE Farmingten+MNepaug
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Figure 1: HEC-ResSim Map Display Showing Location of Nepaug




Nepaug

Figure 2: Photo of Nepaug Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3’°. The dam consists of
an uncontrolled outlet as shown in Figure 4"

" MDC 1999.

" Data provided by UMASS
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=

L

p
E1 Reservoir Editor

==

Reservoir Edit Pool

Reservair [Nepaug

.l Description

(| [w](a] 4 or7a|w](n]

Physical |gperations Observed Data|

1"_:\. Mepaug MNepaug-Poal

]

BU Dam & i - I - - — R

Q Uncontrolled Outlet @ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (f) I:l
Elevation Storage Area
(ft) (ac-t) (acre)
404.00 0.00 -
42000 613.78 'l
42500 1227 55
430.00 214822
43500 3068.88
440.00 4296 .44
445 00 5984 32
450.00 7310.08
451.00 T76E1.21
452 00 8227 68
453.00 871256
454 00 921586 500
45500 9740 64 480:
456.00 10277 .69 B
457 00 10836.23 & 4807
458.00 11410.11 & 4407
459.00 11999.33 W a0+
460.00 12610.04 = AT T T T T T T 17
461.00 1322996 a 20,000 40,000
4F2.00 13862.15 Star (ac-f
463.00 14506.61 500
464.00 15163.35 =
465.00 15829.30 4807
466.00 16507.52 £ 4807
467.00 17194.85 E 440
468.00 17894 .66 e 4207
469.00 18600.50 400 ————1—
470.00 19315.55 I} 100 200
471.00 2004288 Area facre)
472.00 20776.34
473.00 2152208
474.00 22277.02
475.00 23044 24
476.00 23820.67
477 .00 24612 44 I
478.00 2541342
479.00 2622361
48000 27046.07
481.00 2787467
48200 2871247
482 50 2913588
49550 40147 .20
|
[ QK H Cancel Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool
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r » ™
n Reservoir Editor ﬁ

Reserveir Edit Dam

Reservoir :Nepaug v: Description | [M][a] 4074 ][ m]

Physical | Operations | Obseved Data
A\ Nepaug Nepaug-Dam
&) Pool
Evm Elevation attop of dam (ft) 495.5
<% Uncontrolled Outlet
Length at top of dam (ft) &00.0
Composite Release Capacity
Elevation | Controlled | Uncontral... Total
() (cfs) (cfs) (cfs) 4967
482.5 0.0 0.0 0.0l § 4927
483.5 0.0 600.0 600.0) || & & 4887
484.5 0.0/ 1,750.0( 1,750.0 2 4847
485.5 0.0/ 3,200.0( 3,200.0 T T
486.5 0.0/ 5,000.0| 5,000.0 o 15000
487.5 0.0/ 7,200.0| 7,200.0/% Flon
494,5 0.0/ 23,000.0( 23,000.0 {cfs)
Ok ] [ Cancel Apply
L TR oy

Figure 4: Reservoir Editor: Physical Tab -- Dam

lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Nepaug’s
“Existing Ops” operational zones, which consist of zones of Top of Dam (495.5ft), Conservation (482.5ft),
and Inactive zone (417.5ft)°.
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e ™y
IEd Reservoi Edtor . . —~ N i

Reservoir Edit Operations Zone Rule IF_Block
Resenvoir | Nepaug + | Description o [E]@ 40f74 [E][E]
Physical| Operations | Observed Data
Operation Set :Existing QOps v: Description |Fron UMass Farmington notes: "Water for drinking equal to 30% of 57 MGED’
Zone-Rules | | | |
@ Top of Dam - -
Conservation
-~ Storage Zone Description E]
wh [nactive Function of |pate -
| peme. ||
Date Top Elevation (ft)
01Jan 4825 500
480
4804
2 4704
= 460+
=
E 4504
o440+
w
4304
4204
410 T T T T T
e Jan Mar May Jul Sep Moy
Zone Sort Elevation
[ QK ] [ Cancel Apply T

= —— ——

—

Figure 5: Reservoir Editor: Operations Tab — Existing Ops OpSet

B. Rule lllustrations

The operation set for Nepuag has no rules of operation making it a flow through reservoir. The pool
elevation will remain at the top of conservation unless the inflow exceeds the total release capacity.
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New Home Sewing Machine

l. Overview

New Home Sewing Machine dam is on the Millers River in Orange, MA. The dam is owned by the Chase
Industrial Supply Company, Inc. and used is for hydropower generation.

Figure 1 shows the location of New Home Sewing Machine dam as it is represented in the HEC-ResSim

model. Figure 2 shows a photo of New Home Sewing Machine dam.

Mew Home Sewing Machine

Home Sewing Machine_CQut

e Sewing Machine_In

onnetticut at Mouth
h

Figure 1: HEC-ResSim Map Display Showing Location of New Home Sewing machine dam
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Figure 2: Photo of New Home Sewing Machine dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3’2, The dam consists of

five types of outlets: (1) controlled Dam Embankment, (2) controlled outlet, (3) power plant 1,(4) power
plant 2, and (5) power plant 3 as shown in Figure 4.

72 National Dam Inspection Program. Phase | Inspection Report. 1980.
73 Mini-Watt Hydroelectric LLC. Stream Flow Compliance Plan. 2009.
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' ™
I Reservoir Editor - —— ) — i

Reservoir Edit Pool

Reservoir [New Home Sewing... ~ ] Description

L)) (][] 59 o 74[](m]

Bhysical |Qperaﬁons Observed Data|
A NDSW Home Sewing Machine New Home Sewing Machine-Pool
F'Ool
v%‘? hwat @ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft)
| ailwater
@ Power Plant 1 Elevation Storage Area
-%» Dam Embankment = E
4 Controlled Outlet @® ach) (acre) 510
& PowerPlant 2 490.00 100000.00 2054
@ Power Plant 3 502.25 100530.00 _
500.08 100825.50 £ 5004
i) -
i 485
4804
T T T 1T TT
100,000 100,500
Stor {ac-f)
a10
a054
& 500
[ d
I i 485
490
T LI T
0 200 400 &O0
Area (acre)
OK ] [ Cancel Apply
L
Figure 3: Reservoir Editor: Physical Tab -- Pool
r ™
i Reservoir Editor - m—— ) m— - [
Reservoir Edit Dam
Reservoir[NewHomeSewing__ v] Description E]| (][« 59 o 74 (] [m]
Physical | Operations I Observed Data|
A\ New Home Sewing Machine New Home Sewing Machine-Dam
Elevation attop of dam (ft) .
- Tailwater | 509 UE"|
@ PowerPlant 1 Length attop of dam (1) | 80.0]
-€» Dam Embankment
Q Controlled Qutlet Composite Release Capacity
-4 Power Plant 2
' Power Plant 3 Elevation Controlled Uncontrolled Total
(") (cfs) (cfs) (cfs) B0y
10.8 653.0 0.0 653.0| | 5 4007
12.0 653.0 0.0 653.0[ | B & 5pp4
13.3 653.0 0.0 653.0 z B
15.6 653.0 0.0 653.0 = 0T
17.8 653.0 0.0 653.0 D 1z
18.9 653.0 0.0 653.0 Flowy
19.9 653.0 0.0 653.0[— (cfs)
20.8 653.0 0.0 653.0
21.3 653.0 0.0 653.0
I 21.59 653.0 0.0 653.0
22.2 653.0 0.0 653.0
22.5 653.0 0.0 653.0
22.6 653.0 0.0 653.0
22.7 653.0 0.0 653.0 e
OK ] ’ Cancel Apply

-

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 4 shows the definition of New Home
Sewing machine’s “Existing Ops” operational zones, which consist of zones of Top of dam (509.08 t),
Flood Control (497.3 ft), Conservation (493 ft), and Inactive zone (491 ft)".

Zone Sort Elevation

i - B
L A2 P, W\
K71 Reservoir Editor o ' B ﬁ
Reservoir Edit Operations Zone Rule IF_Block
Reservoir jNew Home Sewing ... vj Description (| [1][4] 59 or 74 [ ](m]
Ehysical| Operations | Observed Data
Operation Set iExisting Ops v: Description
Zone-Rules | | I
s Top of dam : _—
& Flood Control Storage Zone | Conservation Description &l
----- [E Max power Release 2 ElCionld
= (Come-
----- @ Max power Release 2 ate m
----- @ Max power Release 1 :
- } Min Flow Date Top Elevation (ft) £10
..... B Fish 01.Jan 4930 »
5084
----- [E leakage ol
L JConservation |
5044
----- B Max power Release 3 £ ego4
----- @ Max power Release 2 = =
----- [E Max power Release 1 % 4091
#-{ } Min Flow E i
----- @ Fish i 495_
---- [E leakage 494_
# [nactive 482
490 T — T T
Jan Mar May Jul Sep Moy

I

OK

] [ Cancel Apply

—

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Guide Curve.

EI Reservoir Editor

Reservoir Edit Operations Zone R

Reservoir :New Home Sewing ...

Physical | Operations | Observed |

Cperation Set :Existing Ops

Zone-Rules | I

™ Top of dam

g™ Flood Control

----- [B Max power Release 3
----- [B Max power Release 2
----- [B Max power Release 1
=-{ } Min Flow

- = IF (inflow=152)

- [B Release=inflow
- ELSE (inflow=152)

------ [B Release=152

L JConservation|

----- [B Max power Release 3
----- [B Max power Release 2
----- [B Max power Release 1
-f } Min Flow

o [nactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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C. Rule Descriptions

1. Max power Release 3
Figure 7 shows the content of “Max power Release 3” rule. It assigns 600 cfs as a maximum
allowable release from power plant 3.

Operation Set :Existing Ops v: Description [:]
Zone-Rules | | |
#& Top of dam Operates Release From: New Home Sewing Machine-Power Plant 3
w Flood Control ) o
™ Y11ax power Release 3 Rule Mame: |pjax power Release 3 Description: [:]
[l Max power Release 2 _
- [l Max power Release 1 Function of | Date
¥ Min Flow - - . = 1 [ 1
: Limit Type: Interp.:
..; IF (inflow=152) Imit 1ype:  |Maximu.. » INerp.|Line.. » | o0
.~ [@ Release=inflow ot - " el
- ELSE (inflow=152) 2 elease (cfs) @ 0047
‘[l Release=152 01Jan 600.0] « 2 ggé
[E Fish z
T 5484
-l leakage 50
wh Conservation I cos

[l Max power Release 3
- [l Max power Release 2
- [l Max power Release 1
=-{ } Min Flow

-l Fish

-l leakage

o [nactive

[ Period Average Limit

[] Hour of Day Multiplier

|| Day of Week Multiplier

Seasonal Variation

T T T T T
Jan Mar May Jul Sep Nov

[ Rising/Falling Condition

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max power Release 3

2. Max power Release 2
Figure 8 shows the content of “Max power Release 2” rule. It assigns 600 cfs as a maximum
allowable release from power plant 2.

Operation Set | Existing Ops | Description =
Zone-Rules | I I

w Top of dam Operates Release From: New Home Sewing Machine-Power Plant 2

f-ﬁimlj\«safgzuzlr Release 3 Rule Name: |max power Release 2 Description: m]

-
[l Wax power Release 1
=-{ } Min Flow
- |F (inflow=152)
[l Release=inflow
= ELSE (inflow=152)
.-l Release=152
[ Fish
[l leakage
wh Conservation
[l Wax power Release 3
[l WMax power Release 2
[l Max power Release 1
£ } Min Flow
[ Fish
-l leakage
Wl [nactive

Function of: pate

Limit Type: | Maximu... =

Interp.: | Line... =

GOG

Date Release (cfs)

. B4

01Jan

G00.0| =

B02

GO0

5989

Ly

Release (cfs]

544

T T T T T
Jan Mar May Jul Sep Moy

[ Period Average Limit

[ Hour of Day Multiplier

[ Day of Week Multiplier

Seasonal Variation

[T Rising/Falling Condition

Edit..

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max power Release 2

354



New Home Sewing Machine

3. Max power Release 1

Figure 9 shows the content of “Max power Release 1” rule. It assigns 600 cfs as a maximum

allowable release from power plant 1.

Operation Set :Existing Ops v: Description E]
Zone-Rules | | |

& Top of dam Operates Release From: Mew Home Sewing Machine-Power Plant 1

‘:__EOTVEEEEEEZIF Release 3 Rule Mame: |pax power Release 1 Description: E]

----- B Max power Release 2
----- )
=-{ } Min Flow
—- b |F (inflow=152)

[l Release=inflow
E}» ELSE (inflow=152)

™ Conservation

----- [E Max power Release 3
----- B Max power Release 2
----- [E Max power Release 1
-f } Min Flow

ol [nactive

Function of: |pate

Limit Type: |Maximu... v | Interp: [Line... »

Date Release (cfs)

01Jan 600.0| »

606
6044
602
600
598
596
a94 T T T T T

Jan Mar May Jul Sep MNov

Release (cfs)

[7] Period Average Limit

[7] Hour of Day Multiplier
7] Day of Week Multiplier

[] Rising/Falling Condition

Seasonal Variation

Edit...

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max power Release 1

4. Min Flow

Figure 10 shows the content of “Min Flow” rule. It releases inflow when inflow is less than 152
cfs and 152 cfs when inflow is greater than 152 cfs.

Operation Set :Existing Ops v: Description C
Zone-Rules |
™ Top of dam Operates Release From: New Home Sewing Machine-Power Plant 1
@l Flood Control
----- [l Max power Release 3 MName: |Min Flow Description: =
----- B Max power Release 2
----- [ Max power Release 1 Type Mame Description
=S8 1in Fiow | IF_[inflow=152 |
IF (inflow=152} ELSE |inflow=152 |

-1l Release=inflow
E}» ELSE (inflow=152)

-{ } Min Flow

ol [nactive
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Cperation Set :Existing Ops v: Description
Zone-Rules | |
wh Top of dam Operates Release From: New Home Sewing Machine-Power Plant 1

i Flood Control

----- B Max power Release 3

----- @ Max power Release 2

----- B Max power Release 1

=-{ } Min Flow

SR gF (inflow=152))

: “[H Release=inflow
& = ELSE (inflow=152)
[l Release=152

o Conservation

----- B Max power Release 3
----- [B Max power Release 2
----- B Max power Release 1
-f } Min Flow

o [nactive

IF Conditional |jnflow=152 Description:
Value1 Value2
| New Home Sewing Machi.. | = | 152 Add Cond.

Del. Cond.

Move Up
Move Down

Evaluate

III II &)
I D

Logical Operatar:
Value 1 | constant
Operat.. |=

Value 2 | constant

Operation Set :Existing Cps

-

Description

Zone-Rules | |

o Top of dam

o Flood Control

----- B Max power Releaze 3
----- B Max power Releaze 2
----- B Max power Release 1
=+ } Min Flow

== IF (inflow=152)
== ELSE (inflow=152)
~[l Release=152

# Conservation
----- B Max power Release 3
----- B Max power Release 2
----- B Max power Release 1
£ ¥ Min Flow

A [nactive

Operates Release From: New Home Sewing Machine-Dam

Rule Name: Release=inflow

Function of: | new Home Sewing Machine-Pool Met Inflow, Current Value

Limit Type: | Winimum v | Interp. |Line.. v

Description:

Flow (cfs)

Release (cfs)

0.0

0.0

1000.0

1000.0

)
8]

1,200

- 4

S p00+

P 4

@ 400+

@ i

T [ s s )
0 300 600 a00

Flow (cfs)

[7] Period Average Limit

[ Hour of Day Multiplier
[7] Day of Week Multiplier
[7] Rising/Falling Condition

Edi

[7] Seasonal Variation
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Operation Set :Existing Ops v: Description E]
Zone-Rules | | |
#™ Top of dam Operates Release From: New Home Sewing Machine-Dam
o Flood Control
[l Max power Release 3 ELSE Conditional |inflow=152 Description: o

[l Max power Release 2
[l Max power Release 1
=-{ } Min Flow

o = IF (inflow=<152)

------ B Release=inflow

=R JEL SE (inflow=152)

@ Fish

-l leakage

A Conservation

[l Max power Release 3
[l Max power Release 2
[l Max power Release 1
- ¥ Min Flow

-l Fish
-l leakage
o [nactive
Operation Set :Existing Cps v: Description E]
Zone-Rules | | |
w Top of dam Operates Release From: New Home Sewing Machine-Dam
™ Flood Control . o
_____ [ Max power Release 3 Rule Mame: |Release=152 Description: o
----- B Max power Release 2 )
----- @ Max power Release 1 Function of | Date
=-{ ¥ Min Flow - e 1 [ 1
: Limit Type: - Interp. -
- mb IF (inflaw<152) YPe. | Minimum - P Line.. - |
FR R 154.0
¢ [l Release=inflow — = = i
b ELSE (inflow=152) 2 elease (cfs) & 1530
ﬁ Release=152 01Jan 1520( | = n
) o 1520
----- @ Fish = i
----- [E leakage 2 151,07
@M Conservation o S D_
----- B Max power Release 3 S U M{a U Sé U
----- B Max power Release 2 ¥ R
----- B Max power Release 1
-4 } Min lglow [7] Period Average Limit
""" g Fish [ Hour of Day Multiplier
----- leakage
I inactive [7] Day of Week Multiplier
[7] Rising/Falling Condition
Seasonal Variation Edit...

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow
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5. Fish
Figure 11 shows the content of “Fish” rule. It shows the minimum release from dam for Fish.

Operation Set | Guide Curve ~ | Description @
Zone-Rules | | |
L ";09 gfga”g | Operates Release From: New Home Sewing Machine-Dam
# Flood Contro _ o
----- [E Max power Release 3 Rule Name: |Fish Description: O
----- [E Max power Release 2 :
----- B Max power Release 1 Function of: | Date
-4t Min Flow . r . - .
_____ g Limit Type: | Mini.. - | Interp:|li. ~
= &0
----- B leakage A
& Conservation Date Release (cfs) 2 a0
----- W Max power Release 3 01Jan 0.0~ & ]
----- [E Max power Release 2 31Mar 0.0 g7
----- [@ Max power Release 1 01Apr 50.0 C o ——T— T
E-£ 3} Min Flow 15Jun 50.0 Jan Mar May Jul Sep Mowv
..... [@ Fish 16Jun 0.0
""" [ leakage =|| [[] Period Average Limit
™ [nactive

] Hour of Day Multiplier
] Day of Week Multiplier

|| [[] Rising/Falling Condition

Seasonal Variation Edit...

Figure 11: Reservoir Editor: Operations Tab — Guide Curve OpSet - Fish

6. leakage
Figure 12 shows the content of “leakage” rule. It shows the minimum release from dam for
leakage.

Operation Set :Guide Curve v: Description E]
Zone-Rules | | |
™ Top of dam Operates Release From: New Home Sewing Machine-Dam
# Flood Control ) o

..... @ Max power Release 2 Rule Mame: ||gakage Description: &l

----- [E Max power Release 2 S

'''' @ Max power Release 1 unclion of. | Date

#-{ } Min Flow -~ . = 1 o 1

..... B Fish LimitType: | Mini.. | Interp>|Li. «

----- ® ]
& Conservation Date Release (cfs) ¥ 12084

----- @ Max power Release 3 01Jan 12.0] » ﬁqz_oo_

----- @ Max power Release 2 2z 11'95_

----- [l Max power Release 1 o 11.90 | | | | |

#-{ } Min Flow Jan Mar May Jul Sep How

----- @ Fish

----- [ Ieakage [C] Period Average Limit
W [mactive [~ Hour of Day Multiplier

7] Day of Week Multiplier
[] Rising/Falling Condition
Seasonal Variation Edit...
Figure 12: Reservoir Editor: Operations Tab - Guide Curve OpSet - leakage
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North Hartland

l. Overview

North Hartland Dam is a dam in Hartland, Windsor County, Vermont. It was constructed in 1961 by the
US Army Corps of Engineers and is still owned and operated by the Corps. It is primarily used for flood
control purposes but is also used for recreation.

Figure 1 shows the location of North Hartland Dam as it is represented in the HEC-ResSim model. Figure
2 shows a photo of the dam.
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http://en.wikipedia.org/wiki/Hartland,_Vermont
http://en.wikipedia.org/wiki/Windsor_County,_Vermont
http://en.wikipedia.org/wiki/United_States_Army_Corps_of_Engineers

North Hartland

| e
Figure 2: Photo of North Hartland Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3. The dam consists of
two types of outlets: (1) controlled slide gates, and (2) uncontrolled outlet, as shown in Figure 4. All
physical and operations data were provided by US Army Corps New England District, through both a
previously created ResSim model and the Reservoir Regulation Team website””.

" http://rsgisias.crrel.usace.army.mil/nae/cwms_map.map_index
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Reserveir Editer

=)

— m—

Reserveir Edit Pool

Raservmr[Non_h Hartiand v] Description D‘ (][] 28 Qf74|m@

Physical |Qperauons Observed Dalal

A ND““" Hartland Nerth Hartland-Pool

Linear Interpolation  (7) Conic Interpolation  Initial Conic Depth (ft) |:|
- spillway Elevation Storage Area
() (ac-ft) (acre)

390.00 0.00 0.00] -
395.00 50.00 1000/ |
400.00 100.00 30.00
405.00 250.00 50.00
410.00 500.00 20.00
415.00 625.00 130.00
420.00 1250.00 170.00
425.00 2350.00 215.00 o]
430.00 3400.00 25500 B
435.00 1825.00 28000 | & 2]
440.00 5225.00 30500 = i
445.00 7875.00 330.00 o 4407
450.00 9525.00 355.00( = w0y
455.00 11450.00 380.00
460.00 13350.00 410.00 U G G
465.00 15550.00 43000 Stor (ac-ly
470.00 17650.00 45000
475.00 20000.00 470,00 el
480.00 22350.00 49500 = 2
485.00 24950.00 505.00 = 4807
490.00 27525.00 540.00 i 4404
495.00 30325.00 560.00 400
500.00 33100.00 585.00 O !
505.00 36250.00 £20.00| U @ A
510.00 39400.00 650.00 Area (acre)
515.00 42825.00 £85.00
520.00 46200.00 715.00
525.00 50300.00 815.00
530.00 54375.00 915.00
535.00 59250.00 975.00
540.00 64100.00 1030.00
545.00 69500.00 1085.00
546.50 71100.00 1100.00
55000/ 74800 00 1 i

Figure 3: Resé;oir Editor: Physical Tab -- Podi

Reservoir Editor

==

Reservoir Edit Dam

Resenair | Norih Hartlang

Ehysical ‘ Operations | Ob

[\ North Hartland

[D Paoal

&% BEN

% Slide Gates
L&y Spillway

— Jr—
v] Description D‘ (][] zgufmlm@
DservedData‘

MNorth Hartland-Dam

Elevation attop of dam (ﬁ)‘ 572.0

Length attop of dam (f) ‘ 1640.0

Composite Release Capacity

Elevation Controlled Uncontrolled Total
) (cfs) (cfs) (cfs)

390.0 0.0 0.0 0.0/«| §
400.0 849.0 0.0 8490/ | E
410.0 2,400.0 0.0 2,400.0 &
420.0 5,040.0 0.0 5,040.0 LU
430.0 5,850.0 0.0 5,850.0 0 120000
440.0 6,660.0 0.0 6,660.0 Flow
450.0 7,260.0 0.0 7,260.0 (cfs)
460.0 7,830.0 0.0 7,830.0
470.0 8,370.0 0.0 &,370.0
480.0 8,910.0 0.0 8,910.0{=
430.0 9,420.0 0.0 9,420.0
500.0 9,900.0 0.0 9,900.0
510.0 10,320.0 0.0 10,320.0
520.0 10,740.0 0.0 10,740.0
530.0 11,160.0 0.0 11,160.0
540.0 11,610.0 0.0 11,610.0
546.5 11,824.5 0.0 11,824.5
547.0 11,841.0 750. 12,591.0] |
547.5 11,857.5 1,750.0 13,607.5
548.0 11,874.0 2,800.0 14,874.0
548.5 11,890.5 4,150.0 16,040.5
549.0 11,907.0 5,500.0 17,407.0
549.1 11,910.3 €,000.0 17,910.3
549.5 11,923.5 7,300.0 19,223.5
550.0 11,940.0 9,300.0 21,240.0
550.5 11,958.0 11,250.0 23,208.0
551.5 11,994.0 16,250.0 28,244.0
552.5 12,030.0 21,350.0 33,380.0
553.5 12,066.0 27,500.0 39,566.0| _
ced & 12 102 0 FECTT 26 a2 q

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of North
Hartland’s “ExistingOps” operational zones, which consist of zones of Top of dam (572 ft), Flood Control
(546.5 ft), Conservation (426 ft), and Inactive zone (390 ft).

— e
EI Reservoir Editor -

=

Physical| Operations | Observed Data

Reservoir Edit Operations Zone Rule IF_Block

Resernvoir :th Hartiand .: Description

L

(][] 28 0r74[][m]

Operation Set | Existing Ops ¥ | Description 2]
Il || Zone-Rules | | | |
?__EDGULZESLS to Save Dam Storage Zone |Conservation Description [
M Flood Control -
----- B Maximum Controlled Release Funcion of |Date
----- @ ABF minimum release _
----- @ Connecticut at Morth Walpole - Linear Date Top Elevation (ft) 50
----- @ Connecticut at Montague - Linear 01Jan 426.0| = el
----- B Max ROC-Increasing i
----- B MAX ROC-Decreasing 220 ]
----- [B Max rate of pool drawdown = ol
----- [l Max Outflow equals 21 day Max Inflow = i
*_Jconservation z o
----- [ Maximum Controlled Release &
----- @ Min Flow Logic - Morth Hartland m 4407
----- [l Connecticut at Morth Walpole - Linear 4204
""" [@ Connecticut at Montague - Linear 4007
----- B Max ROC-Increasing 380 — T T T
""" B MAX ROC-Decreasing - Jan Mar May Jul Sep Moy
----- [E Max rate of pool drawdown
# [nactive Zone Sort Elevation
[ oK l [ Cancel ] [ Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops. As described in the Simulation/Verification section of the report, adjustments were made

to the operations to closer match gauge data.

:i Reservoir Editor

Bhysical | Operations | Observed Data

Reservoir Edit Operations Zone Rule IF_Block

Resenoir | porth Hartland ~ | Descrig

Operation Set :Existing Ops

Zone-Rules | | I

@™ Top of dam

am Flood Control
----- [B Maximum Controlled Release
----- [B ABF minimum release

----- [E Connecticut at Montague - Linear
----- @ Max ROC-Increasing

----- @ MAX ROC-Decreasing

----- [E Max rate of pool drawdown

L JConservation|
----- [B Maximum Controlled Release
----- [E Min Flow Logic - Morth Hartland

----- [E Connecticut at Montague - Linear
----- @ Max ROC-Increasing

----- @ MAX ROC-Decreasing

----- [E Max rate of pool drawdown

I.n {nactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

----- [E Connecticut at Morth Walpole - Linear

----- [E Max Outflow equals 21 day Max Inflow

----- [E Connecticut at Morth Walpole - Linear
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C. Rule Descriptions

1. Gate Ops to Save Dam

Figure 7 shows the content of “Gate Ops to Save Dam” rule. This rule represents the maximum
allowable release from Slide gates as a function of pool elevation when the pool is in Top of dam

zone.

Operation Set :Existing Ops v: Description [:]
Zone-Rules | | |
wh Top of dam Operates Release From: Morth Hartland-Slide Gates
B W Cate Ops to Save Dam _
Rule Name: |Gate Ops to Save Dam Description: =

™ Flood Control

----- @ Maximum Controlled Release

----- B ABF minimum release

----- [ Connecticut at Morth Walpole - Linear
----- @ Connecticut at Montague - Linear

----- B Max ROC-Increasing

----- B MAX ROC-Decreasing

----- @ Max rate of pool drawdown

""" @ Max Outflow equals 21 day Max Inflow
™ Conservation

----- @ Maximum Controlled Release

----- [@ Min Flow Logic- North Hartland

----- [ Connecticut at Morth Walpole - Linear
----- [ Connecticut at Montague - Linear

----- @ Max ROC-Increasing

----- B MAX ROC-Decreasing

----- @ Max rate of pool drawdown

o [nactive

Function of: |fjand-Pool Elevation, Period Average, 0.0 hir lag, 48.0 hr perio

LimitType: |Maximu.. « | Interp: |Line.. =

Elev (ft) Release (cfs)
546.5 G000.0| =
547.0 5250.0
5475 4250.0
5438.0 3200.0
548.5 1850.0
549.0 500.0
5481 0.0
5505 0.0
5515 1500.0
5525 1900.0
5535 3200.0
5545 4000.0
565.5 4500.0
556.5 6000.0
572.0 7000.0f -

apon
7000
000
5000
4000
2000
2000~
1000+
w T T T T
S5 oSS0 855 S0 GG
Elev (1]

Rakesa (o3)

[7] Period Average Limit
[ Hour of Day Multiplier

7] Day of Week Multiplier

[ Rising/Falling Condition
[7] Seasonal Variation

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet —Gate Ops to Save Dam
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2. Maximum Controlled Release
Figure 8 shows the content of “Maximum Controlled Release” rule. This rule represents the
maximum allowable release from Slide gates.

Operation Set :Existing Ops v: Description E]
Zone-Rules | | |
& Tap of dam Operates Release From: North Hartland-Slide Gates
[l Gate Ops to Save Dam . o
A Flood Control Rule Name: \imum Controlled Release | Description: | Channel capacity [

B YMaximum Confrolled Release ) .
[l ABF minimum release EAMCHOOEY rafe
[l Connecticut at Morth Walpole - Linear ||, . r 1 r .
Limit Type: i ~ | Interp.: | L -
[l Connecticut at Montague - Linear ¥OE- | B | PoLing.. = | g,
[l Max ROC-Increasing 040
[l MAX ROC-Decreasing Pty Release (cfs) = G
[l Max rate of paol drawdown 01Jan 6000.0| ~| 2,
[l Max Outflow equals 21 day Max Inflow E 530
o™ Conservation = o
[l Maximum Controlled Release [ — T T T
[l Min Flow Logic - North Hartland Jan  Mar  May  Jul  Sep Haw
[l Connecticut at Morth Walpole - Linear
[l Connecticut at Montague - Linear [7] Period Average Limit
[l Max ROC-Increasin o
8 r:u\x RDC—Decreasiig [] Hour of Day Multiplier
[l Max rate of pool drawdown ["] Day of Week Multiplier
Inactive
- [] Rising/Falling Condition
Seasonal Variation Edit...

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet —Maximum controlled Release

3. ABF minimum release
Figure 9 shows the content of “ABF minimum release” rule. This rule represents the minimum
required release from slide gates during flood control operations.

Operation Set :Existing Ops v: Description [
Zone-Rules | | I
wh Top of dam Operates Release From: North Hartland-Slide Gates
[l Gate Ops to Save Dam ) N
A Flood Control Rule Name: | ABF minimum release Description: [
----- B Maximum Controlled Release Functi "
----- ® uncion o. | Date

----- B Connecticut at Morth Walpole - Linear

Limit Type: | Mini + | Interp.: | -]
----- W Connecticut at Montague - Linear ¥PE: | Minimum -~ | P-|Step | 4y
----- B Max ROC-Increasing 20
----- @ MAX ROC-Decreasing Date Release (cfs) - g:
----- B Max rate of pool drawdown 01Jan 2200« 2 i
----- B Max Outflow equals 21 day Max Inflow | | |2 1May 2200 § o
#n Conservation 01Jun 110.0 £
----- B Maximum Controlled Release 308ep 110.0 1m — T
----- 18 Min Flow Logic - Morth Hartland 010ct 2200 o Mar Way ol S Hov

----- B Connecticut at Morth Walpole - Linear

----- [B Connecticut at Montague - Linear [] Period Average Limit
g ::::;Fé%[é—_lgzr;zzi;ig [] Hour of Day Multiplier
----- 7] I'v1gx rate of pool drawdown [7] Day of Week Multiplier
o fnactive [ Rising/Falling Condition

Seasonal Variation Edit...

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet —ABF minimum release
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4. Connecticut at North Walpole-Linear
Figure 10 shows the content of “Connecticut at North Walpole-Linear” rule. This rule represents
the maximum allowable release from the dam as a function of the previous day stage at North
Walpole. The previous day stage was used to account for the delay that occurs between the
stage exceeding the specified target and the change in operations at the flood control dams that
occurs in reality.

Operation Set :Existing Ops v: Description l:]
Zone-Rules | | |
wh Top of dam Operates Release From: North Hartland

[l Gate Ops to Save Dam

@A Flood Contral Rule Mame: |t at Morth Walpole - Linear Description: [:]

----- [ Maximum Controlled Release )
..... B ABF minimum release Function of: | Connecticut at North Walpole Stage, Previous Value
----- —§Connecticut at North Walpole - Linear || e r 7 r Y
Limit Type: i » | Interp. |Lj —
----- [B Connecticut at Montague - Linear IMiLIYRe: | Moy MEP- || 7000
----- [l Max ROC-Increasing A
----- B MAX ROC-Decreasing Siirll b L] 3 fﬁz
----- 8 Max rate of pool drawdown 0.0 6000.0| ~ E 2000
----- [ Max Outflow equals 21 day Max Inflow 240 6000.0 = fﬁ:
¥ Conservation 25.0 43000 o A I
----- @ Maximum Controlled Release 26.0 3600.0 O 05 W0 15 M 2 M X% a0 &5 5
----- [ Min Flow Lagic - Worth Hartland 27.0 2400.0 —_
----- @ Connecticut at Morth Walpole - Linear 28.0 1200.0
----- @ Connecticut at Montague - Linear 28.0 0.0 [C] Period Average Limit
----- [l Max ROC-Increasing 50.0 0.0 o
_____ B MAX ROC-Decreasing "] Hour of Day Multiplier
----- [B Max rate of pool drawdown [] Day of Week Multiplier
[nactive
- [T Rising/Falling Condition
[7] Seasonal Variation

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet —Connecticut at North Walpole-
Linear
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5. Connecticut at Montague-Linear
Figure 11 shows the content of “Connecticut at Montague-Linear” rule. This rule represents the
maximum allowable release from the dam as a function of the previous day stage at Montague.
The previous day stage was used to account for the delay that occurs between the stage
exceeding the specified target and the change in operations at the flood control dams that

occurs in reality.

Operation Set :Existing Ops v: Description E]
Zone-Rules | | |
#h Top of dam Operates Release From: Morth Hartland
[l Gate Ops to Save Dam ) .
Rule Name: | cticut at Montague - Linear Description: &

#m Flood Control

""" [E Maximum Controlled Release

----- [E ABF minimum release

----- [B Connecticut at North Walpole - Linear
----- )

""" B Max ROC-Increasing

----- [ MAX ROC-Decreasing

----- [E Max rate of pool drawdown

----- [E Max Qutflow equals 21 day Max Inflow
o Conservation

""" [E Maximum Controlled Release

----- [E Min Flow Logic - Morth Hartland

----- [B Connecticut at North Walpole - Linear
""" [ Connecticut at Montague - Linear

""" B Max ROC-Increasing

""" B MAX ROC-Decreasing

----- [E Max rate of pool drawdown

o [nactive

Function of: | Connecticut at Montague Stage, Previous Value

Limit Type: |Maximu_. | Interp:|Line. =

Stage (ft) Release (cfs)

0.0 6000.0
26.0 6000.0
270 4800.0
28.0 3600.0
29.0 2400.0
30.0 1200.0
31.0 0.0
50.0 0.0

-

Relkegze (ds]
i
1

L I I I I
o 5 10 15 M =5

Siagarh

T T 1
2 I35 ad ai 30

[~] Period Average Limit
[~ Hour of Day Multiplier
[7] Day of Week Multiplier

[7] Rising/Falling Condition

[7] Seasonal Variation

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet —Connecticut at Montague-Linear
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6. Max ROC-Increasing
Figure 12 shows the content of “Max ROC-Increasing” rule. This rule shows the maximum
allowable increasing release rate of change as a function of release from North Hartland dam.

Operation Set :Existing Ops v: Description =

Zone-Rules | I |

w Top of dam Operates Release From: North Hartland-Dam

& Flood Control Release Rate of Change Limit |jjax ROC-Increasing

----- [E Maximum Controlled Release Description: o
----- @ ABF minimum release i _
----- [E Connecticut at Morth Walpole - Linear| | Function Of. | Release —
----- @ Connecticut at Montague - Linear ‘ .
----- )
----- [@ MAX ROC-Decreasing Interpolate | Linear -]
----- [E Max rate of pool drawdown ) ) 500
----- [B Max Outflow equals 21 day Max Inflow Release (cfs) Rate Change (cfs/hr) 450
@™ Conservation 0.0 500.0

----- [E Maximum Controlled Rel 45000 50000 400
----- [@ Min Flow Lagic- North Hartland 45001 2000 3504
----- g Conned!cut at Morth Walpolg—Lmear 123456.0 200.0 2004
----- Connecticut at Montague - Linear
----- [ Max ROC-Increasing 250
----- @ MAX ROC-Decreasing 2004
----- B Max rate of pool drawdown
M [nactive

Type Increasing -

450

Rate Change (cfsihr

m

180 T T T T 1T
0 £0,000 120,000

Release (cfs)

=

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet —Max ROC-Increasing

7. Max ROC-Decreasing
Figure 13 shows the content of “Max ROC-Decreasing” rule. This rule shows the maximum
allowable decreasing release rate of change.

Operation Set :Existing Ops v: Description E]
Zone-Rules | | |
& Top of dam Operates Release From: North Hartland-Dam

A Flood Control Release Rate of Change Limit | iax ROC-Decreasing

----- B Maximum Controlled Release Description: o
----- B ABF minimum release ) :
----- @ Connecticut at North Walpole - Linear| | Function Of. Constant -
----- [l Connecticut at Montague - Linear - .
----- B Max ROC-Increasing Type Decreasing v
""" w Max Rate of Change (cfs/hr) 2000.0

----- [E Max rate of pool drawdown

----- [l Max Qutflow equals 21 day Max Inflow
# Conservation

----- B Maximum Controlled Release

----- [E Min Flow Logic - North Hartland

----- [E Connecticut at Morth Walpole - Linear
----- [l Connecticut at Montague - Linear

----- B Max ROC-ncreasing

----- B MAX ROC-Decreasing

----- B Max rate of pool drawdown

o inactive

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet —Max ROC-Decreasing
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8. Max rate of pool drawdown
Figure 14 shows the content of “Max rate of pool drawdown” rule. This rule shows the
maximum allowable decreasing pool elevation rate of change.

Operation Set :Existing Ops v: Description C]
Zone-Rules | | |
i Top of dam Operates Release From: Morth Hartland

A Flood Control Elevation Rate of Change Limit |pjax rate of pool drawdown

----- [l Maximum Controlled Release Description @)
----- @ ABF minimum release
----- [@ Connecticut at Morth Walpole - Linear = = [ 1
..... @ Connecticut at Montague - Linear Function OF :Constant v:
----- [ Max ROC-Increasing Type Decreasing -
----- B MAX ROC-Decreasing : J
----- ] ) Instantaneous
----- [E Max Qutflow equals 21 day Max Inflow
@™ Conservation

----- [E Maximum Controlled Release Max Change of (ft) 10.0/| over 24| hours
----- B Min Flow Logic - North Hartland

----- [@ Connecticut at Morth Walpole - Linear
----- B Connecticut at Montague - Linear

----- B Max ROC-Increasing

----- B MAX ROC-Decreasing

----- @ Wax rate of pool drawdown

o [nactive

@ Period Average

Figure 14: Reservoir Editor: Operations Tab — Existing Ops OpSet —Max rate of pool drawdown

9. Max Outflow equals 21 day Max Inflow
Figure 15 shows the content of “Max Outflow equals 21 day Max Inflow” rule. This rule
represents the maximum release from dam as a function of the previous 3 weeks of inflow.

Operation Set :Existing Ops v: Description E]
Zone-Rules | | |
wh Top of dam Operates Release From: Morth Hartland

[l Gate Ops to Save Dam
#® Flood Control

----- [l Maximum Controlled Release X
..... T8 ABF minimum release Function of. |jand-Pool Inflow, Period Maximum, 0.0 hr lag, 504.0 hr period
----- [l Connecticut at Morth Walpole - Linear

Rule Name: |y equals 21 day Max Inflow | Description: =

Limit Type: |Maximu.. v | Interp: [Line.

----- [l Connecticut at Montague - Linear 7000
----- B Max ROC-Increasing G000
----- [@ MAX ROC-Decreasing AT ES) SECESRER) T oo
----- [ Max rate of pool drawdown 0.0 0.0 ~ g 2000
----- [~ JMax Outflow equals 21 day Max Inflow 6000.0 6000.0 7 2]
# Conservation 123456.0 G000.0
T T T T T T
----- B Maximum Controlled Release [ an 00 WO 2000
----- [ Min Flow Logic - North Hartland Flaw i)
----- B Connecticut at Morth Walpole - Linear
----- [ Connecticut at Montague - Linear [] Period Average Limit
----- [ Max ROC-Increasing o
_____ [ MAX ROC-Decreasing [ Hour of Day Multiplier
----- [ Max rate of pool drawdown [T] Day of Week Multiplier

[nactive
- [7] Rising/Falling Condition

[7] Seasonal Variation

Figure 15: Reservoir Editor: Operations Tab — Existing Ops OpSet —Max Outflow equals 21 day Max
Inflow

369



North Hartland

10.Min Flow Logic-North Hartland
Figure 16 shows the content of “Min Flow Logic-North Hartland” rule. This rule describes
required seasonal minimum flows from controlled outlets as a function of inflow at North

Hartland.
Operation Set :Existing Ops v: Description [:]
Zone-Rules | | |
wh ngoftdaé” o Save D Operates Release From: North Hartland
ate Ops to Save Dam ) N
B Flood Control Rule Name: |1ow Logic - Morth Hartland | Description: )
----- [ Maximum Controlled Release )
..... B ABF minimum release Function of |orth Hartland-Pool Net Inflow, Current Value
----- [E Connecticut at Morth Walpole - Linear ||, . r 7 r 7
Limit Type: ini -~ Interp. | Lj -
----- [E Connecticut at Montague - Linear YPE- | M : P- | i : |
----- [B Max ROC-Increasing .
= LRy
----- @ MAXROC-Decreasing Sin Release (cfs) e
----- [E Max rate of pool drawdown (cfs) 01Jan 01Apr | 01Jun | 010ct E e
----- [E Max Outflow equals 21 day Max Inflow 0.0 0.0 0.0 0.0 00| «| © 4 S S
- %ﬂsew&ﬁon 100.99] 76.993| 76.093| 76.993(76.0.. o w0 moN  10m
----- Maximum Controlled Release 110.0 770 770 1100 77.0 Flawicfs)
----- _JMin Flow Logic - MNorth Hartland 219.99| 153.993| 153.993] 110.0] 153
----- [@ Connecticut at North Walpole - Linear 2200| 2200 1540 110.0) 2200 [] Period Average Limit
..... [B Connecticut atMo_ntague—Linear 87900 220.0/ 15.993 110.0] 220.0 ] Hour of Day Multiplier
----- g Max ROC-Increasing 880.0 2200 880.0[ 110.0] 220.0 ol
""" MAX ROC-Decreasing 123456.0 2200 830.0 110.0) 2200 [7] Day of Week Multiplier -Edit...
----- [E Max rate of pool drawdown
N inactive [7] Rising/Falling Condition Edit.
Seasonal Variation

Figure 16: Reservoir Editor: Operations Tab — Existing Ops OpSet —Min Flow Logic-North Hartland
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North Springfield

l. Overview

North Springfield is a dam on the Black River in Central Vermont. It was constructed in 1960 by the US
Army Corps of Engineers and is still owned and operated by the Corps. It is primarily used for flood

control purposes but also for recreation.

Figure 1 shows the location of North Springfield Dam as it is represented in the HEC-ResSim model.
Figure 2 shows a photo of the dam.
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Figure 1: HEC-ResSim Map Display Showing Location of North Springfield dam
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Figure 2: Photo of North Springfield dam.

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3. The dam consists of
two types of outlets: (1) controlled slide gates, and (2) uncontrolled spillway, as shown in Figure 4. All
physical and operations data were provided by US Army Corps New England District, through both a
previously created ResSim model and the Reservoir Regulation Team website”.

’> http://rsgisias.crrel.usace.army.mil/nae/cwms_map.map_index
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i 9
n Reservoir Editor

Reservoir Edit Pool

———— B — —

===

Resenoir | North Springfield - Descriptiun|
Physical | Operations | Obsenved Data

0| [W](a] 31 or74 ] ]n]

2\ North Springfield
)
E-57 Dam

North Springfisld-Pool

@ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (/) I:l

Slide Gates
Spillway Elevation Storage Area
(ft) (ac-ft) (acre)

452.00 0.00 0.00] »
467.00 700.00 100.00) |
475.00 1400.00 290.00
477.00 2150.00 325.00
479.00 2900.00 360.00 560
481.00 3700.00 380.00 & 5204
483.00 4500.00 40000 | 3 A
485.00 5300.00 420007 I 480
487.00 5100.00 440.00 2]
489.00 6300.00 455.00 I
491.00 7700.00 470.00 0 dumuy Comm
493.00 8500.00 480.00 Star (ac-f) i
495.00 9300.00 495.00] |

| 497.00 10200.00 510.00 560
499.00 11100.00 530.00 o]
501.00 12100.00 550.00 = ay
503.00 13250.00 570.00 Z 4901
505.00 14450.00 595.00 9
507.00 15650.00 520.00 0T T
500.00 16900.00 £50.00 0 600 1,200
511.00 18200.00 675.00 Area (acre)
513.00 19700.00 £95.00
515.00 21200.00 720.00
517.00 22800.00 74500
519.00 24400.00 770.00
521.00 26100.00 795.00) =

[ ok [ cance sooy

Figure 3: Reservoir Editor: Physical 'i'ab -- Pool

i 9
n Reservoir Editor

———— . B — —

==

N

Reservoir Edit Dam
Resenoir | Narth Springfield - Descnptiun| C]| [1][a] 31 0f74|m@
Physical | Operations | Observed Data!
A: MNorth Springfield Morth Springfield-Dam
v Elevation at to
p of dam (ft) .
L4 slide Gates | =7a °|
<y Spillway Length at top of dam (ft) | 2940_0|
Composite Release Capacity
Elevation | Controlled | Uncontroll... Total
() (cfs) (cfs) (cfs) 5607
452.0 0.0 0.0 0.0(+| § 520:‘,-’
457.0 400.0 0.0 100.0 | B & . 7]
£ E a0
462.0 900.0 0.0 900.0 k E
167.0]  2,000.0 0.0/  2,000.0 0TI l
a71.0]  2,600.0 0.0/ 2,600.0 0 Uonong
481.0]  3,450.0 0.0 3,450.0 Flow
488.0]  4,000.0 0.0 4,000.0 (cfe)
500.0] 4,800.0 0.0 4,800.0 i
522.0] 5,900.0 0.0 5,900.0
I 545.5)  7,000.0 0.0 7,000.0]F
548.0( 7,000.0 5,000. 12,000.0
552.0] 7,000.0] 22,000.0] 29,000.0
558.0( 7,000.0] 61,000.0] 68,000.0
562.0] 7,000.0] 93,000.0] 100,000.0
565.0] 7,000.0[ 117,200.0] 124,200.0
[ OK ] [ Cancel Apply I

= ——

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of North
Springfield’s “ExistingOps” operational zones, which consist of zones of Top of dam (570 ft), Flood
Control (545.5 ft), Conservation (467 ft), and Inactive zone (452 ft).

r - ™
K7 Reservoir Editor Lﬁ

Reservoir Edit Operations Zone Rule IF_Block

Resenoir iNorth Springfield .j Description = E@ 31 0f 74 @@

Physical | Operations | Observed Data

Operation Set | Existing Ops ~ | Description o

Zone-Rules | | |

o Top of dam
[l Gate Ops During Surcharge

@ Flood Control Function of |p
ate
--[l Downstream Channel Capacity -Deﬁne___

[l ABF Minimum Release .
[l Connecticut at Morth Walpole - Linear Date Top Elevation (ff) £
--[l Connecticut at Montague - Linear 01Jan 467.0| »
[l MAX ROC-Increasing 560
[l MAX ROC-Decreasing i
--[l Confrol rate of pool elevation drop
[l Max Quiflow equals Max 21day Inflow 520
- -
--[l Downstream Channel Capacity
--[l Min Flow Logic - N Springfield 430+
-l Connecticut at Morth Walpole - Linear 460
-l Connecticut at Montague - Linear
| [l MAX ROCAncreasing 440 e L
[l MAX ROC-Decreasing Jan Mar May Jul Sep Nov
--[ Control rate of pool elevation drop
o™ [nactive

Storage Zone |Conservation Description )

Elevation iff

Zone Sort Elevation

4| m | ¥

[ ok || cancel |[ apoy

—— = 24

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named

Existing Ops. As described in the Simulation/Verification section of the report, adjustments were made
to the operations to closer match gauge data.

Reservoir Edit Operations Zone Rule IF_Blocl

Resenvoir :th Springfield v: Descr

Physical | Operations | Opserved Data

Operation Set :Existing Ops

Zone-Rules | | I

s Top of dam
[l Gate Ops During Surcharge
M Flood Control

----- [@ Downstream Channel Capacity
----- @ ABF Minimum Release

----- [@ Connecticut at Morth Walpole - Linear
----- [@ Connecticut at Montague - Linear

----- @ MAX ROC-ncreasing

----- @ MAX ROC-Decreasing

----- [@ Control rate of pool elevation drop

----- @ Max Outflow equals Max 21day Inflow
L Jconservation|

----- [@ Downstream Channel Capacity

----- @ Min Flow Logic- M Springfield

----- [@ Connecticut at Morth Walpole - Linear
----- [@ Connecticut at Montague - Linear

----- @ MAX ROC-ncreasing

----- @ MAX ROC-Decreasing

----- [@ Control rate of pool elevation drop

M [nactive

4| ] [ »
Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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C. Rule Descriptions

1. Gate Ops During Surcharge
Figure 7 shows the content of “Gate Ops During Surcharge” rule. This rule represents the
maximum allowable release from Slide gates as a function of pool elevation when the pool is in
Top of dam zone.

Operation Set :Existing Ops v: Description [:]
Zone-Rules | I |
wh Top of dam Operates Release From: MNorth Springfield-Slide Gates
| Gate Ops During Surcharge ) N
[ Flood Control Rule Name: ate Ops During Surcharge Description: D
----- [B Downstream Channel Capacity '
..... [ ABF Minimum Release Function of: | pgol Elevation, Period Average, 0.0 hr lag, 48.0 hr period

----- [@ Connecticut at Morth Walpaole - Linear Limit Type: 'I'u'la.xi ] Interp. 'Li... ]

----- B Connecticut at Montague - Linear L : | &,000
----- [l MAX ROC-Increasing F.0007
----- [ MAX ROC-Decreasing Elev(m Jiolato ) 4,000
----- [® Control rate of pool elevation drop 5455 3500.0| » | %z 000 \
----- @ Max Outflow equals Max 21day Inflow 546.5 1900.0 R R e N B
M Conservation 547.25 0.0 545 650 5556 560 S65 570
----- @ Downstream Channel Capacity 3475 0.0 Elev )
----- W Min Flow Lagic - N Springfield 548.5 0.0
----- @ Connecticut at Morth Walpole - Linear 349.5 0.0 [ Period Average Limit
----- W Cennecticut at Montague - Linear 550.5 1725.0 - :
Hour of Day Multiplier Edit...
----- W MAX ROC-Increasing 951.5 3725.0 O ¥ P
""" @ MAX ROC-Decreasing 5525 5480.0| | [ Day of Week Multiplier
----- [@ Control rate of pool elevation drop 553.5 72500 . ) -
M Inactive 5545 77000 [7] Rising/Falling Condition
570.0 77000 [Tl Seasonal Variation Edit...
1 | 1 | » hd

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Gate Ops During Surcharge
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2. Downstream Channel Capacity
Figure 8 shows the content of “Downstream Channel Capacity” rule. This rule represents the
maximum allowable release from dam.

Operation Set :Existing Ops v: Description [:]
Zone-Rules | | | | |
& Top of dam Operates Release From: Morth Springfield-Slide Gates
[l Gate Ops During Surcharge ) o
¥ Flood Control Rule Name: ystream Channel Capacity| Description: o
----- [~ §Downstream Channel Capacity ) :
----- [ ABF Minimum Release Function of. | Date
----- [E Connecticut at North Walpole - Linear|| . r , r .
Limit Type: i Interp.: | Lj
----- [E Connecticut at Montague - Linear ype. [Max. - P Li.. = o540
----- B MAX ROC-Increasing .
3520
----- [l MAX ROC-Decreasing Date Release (cfs) ﬁa won]
----- [ Control rate of pool elevation drop 01Jan 33000 » | g==t]
----- [E Max Cutflow equals Max 21day Inflow 134807
# Conservation & 3,480 — T T
----- [E Downstream Channel Capacity Jan Mar hay Jul Sep Now
----- [E Min Flow Logic- N Springfield
----- [ Connecticut at Morth Walpole - Linear [ Period Average Limit
E Ei;nsgécﬁ;t::osmaggue - Linear [] Hour of Day Multiplier
----- B MAX ROC-Decreasing [7] Day of Week Multiplier
----- Control rate of pool elevation dro
P E?acﬁ.,e ° k [] Rising/Falling Condition
Seasonal Variation Edit...
€| i | » &

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Downstream Channel capacity

3. ABF Minimum Release
Figure 9 shows the content of “ABF Minimum Release” rule. This rule represents the minimum
required release from slide gates during flood control operations.

Operation Set | Existing Ops ~ | Description @]
Zone-Rules | | |
#™ Top of dam Operates Release From: Morth Springfield-Slide Gates
[l Gate Ops During Surcharge i R
& Flood Control Rule Mame: | 4BF Minimum Release Description: )
[l Downstream Channel Capacity Funcii %
=Y ABF Minimum Release unction ot | Date

[l Connecticut at North Walpole - Linear

Limit Type: |Mini.. = | Interp: Li.. =
[l Connecticut at Montague - Linear ype- | Mini... . P |Li. :

i 160
B WA ROG betrseing Date Release (cs) | | g0
[l Control rate of pool elevation drop 01Jan 160.0| ~| & 1205
[l Max Outflow equals Max 21day Inflow || [31May 160.0 x 1;2:
#™ Conservation 01Jun 80.0 «“ — T T T T
[l Downstream Channel Capacity 303ep 80.0 Jan Mar May Jul Sep Nov
-1l Min Flow Logic- N Springfield 010ct 160.0

[l Connecticut at North Walpole - Linear [7] Period Average Limit
[l Connecticut at Montague - Linear

[l MAX ROC-Increasing

m

[ Hour of Day Multiplier

[l MAX ROC-Decreasing [7] Day of Week Multiplier
--[l Control rate of pool elevation drop . . -
B Inactive | [C] Rising/Falling Condition
Seasonal Variation Edit...

-

a i | ¥

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — ABF Minimum Release
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4. Connecticut at North Walpole-Linear
Figure 10 shows the content of “Connecticut at North Walpole-Linear” rule. This rule represents
the maximum allowable release from the dam as a function of the previous day stage at North
Walpole. The previous day stage was used to account for the delay that occurs between the
stage exceeding the specified target and the change in operations at the flood control dams that
occurs in reality.

Operation Set :Existing Ops v: Description l:]
Zone-Rules | | |
e Top of dam Operates Release From: North Springfield
[l Gate Ops During Surcharge ) N
[ Flood Control Rule Name: |t at North Walpole - Linear| Description: o
--[@ Downstream Channel Capacity )
[l ABF Minimum Release Function of. | Connecticut at Morth Walpole Stage, Previous Value
=~ Connecticut at Morth Walpole - Linear || r 1 r 1
Limit Type: i » | Interp. [Li. -
--[@ Connecticut at Montague - Linear YPE- | Mt ! P |l / 4,000
-l MAX ROC-Increasing ¥'3.000
-l MAX ROC-Decreasing S SICIED ST E’Q,DDDE
--[l Control rate of pool elevation drop 0.0 3500.0| « | & 1,000
-l Max Outflow equals Max 21day Inflow 24.0 3500.0 2 0t T T T T T T
™ Conservation 250 2200.0 0 5 10 1520 25 30 35 40 45 50
-l Downstream Channel Capacity 26.0 2100.0 Stage ()
-[H Min Flow Logic- N Springfield 27.0 1400.0
[l Connecticut at North Walpole - Linear 28.0 700.0 [] Period Average Limit Edi
[l Connecticut at Montague - Linear 29.0 0.0 - -
[l MAX ROCAncreasing 500 0.0 [T Hour of Day Multiplier
-l MAX ROC-Decreasing ["] Day of Week Multiplier
--[l Control rate of pool elevation drop i ) . =
™ inactive [] Rising/Falling Condition Edi
[7] Seasonal Variation Edi
€| i | » 57

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at North Walpole-
Linear
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5. Connecticut at Montague-Linear
Figure 11 shows the content of “Connecticut at Montague-Linear” rule. This rule represents the
maximum allowable release from the dam as a function of the previous day stage at Montague.
The previous day stage was used to account for the delay that occurs between the stage
exceeding the specified target and the change in operations at the flood control dams that
occurs in reality.

Operation Set iExisting Ops vi Description [:
Zone-Rules | | |
#A Top of dam Operates Release From: Morth Springfield
[l Gate Ops During Surcharge ] o
i Flood Control Rule Name: | cticut at Montague - Linear | Description: o)
----- [E Downstream Channel Capacity )
..... i Function of. | Connecticut at Montague Stage, Previous Value Define...
[E ABF Minimum Release
----- [E Connecticut at Morth Walpole - Linear|| . . r T r 1
Limit Type: i - | Interp: [ Lj. =
""" I Connecticut at Montague - Linear ¥ Max... | P L. J 4000
----- B MAX ROC-Increasing #3000
----- [B MAX ROC-Decreasing Sage (1) JEEIZE 12 a 2,000
----- @ Control rate of pool elevation drop 0.0 3500.0| ~| = 41.0007
----- [E Max Outflow equals Max 21day Inflow 25.0 35000 = e B Y S N S B B
™ Conservation 26.0 2800.0 0 5 10 15 20 25 30 35 40 45 50
----- [ Downstream Channel Capacity 27.0 2100.0 Stage (ff)
----- @ Min Flow Lagic - N Springfield 28.0 1400.0
----- B Connecticut at North Walpole - Linear 29.0 700.0 [] Period Average Limit
----- @ Connecticut at Montague - Linear 30.0 0.0 - :
_____ @ MAX ROC-Increasing 50.0 00 ] Hour of Day Multiplier
----- [E MAX ROC-Decreasing [] Day of Week Multiplier Edit.
----- Control rate of pool elevation dro
o E?acﬁ._,e ° P [ Rising/Falling Condition
[ Seasonal Variation Edit...
‘| 1 | » 57

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at Montague-Linear
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6. MAX ROC-Increasing

Figure 12 shows the content of “MAX ROC-Increasing” rule. This rule shows the maximum
allowable increasing release rate of change as a function of release from North Springfield dam.

Operation Set | Existing Ops ~ | Description @)
Zone-Rules | | |
# Top of dam Operates Release From: North Springfield-Dam

------ @ Gate Ops During Surcharge

w Flood Control

----- @ Downstream Channel Capacity

----- @ ABF Minimum Release

----- B Connecticut at North Walpole - Linear
----- @ Connecticut at Montague - Linear

----- &

----- B MAX ROC-Decreasing

---- @ Control rate of pool elevation drop

----- B Max Outflow equals Max 21day Inflow
#% Conservation

----- B Downstream Channel Capacity

----- @ Min Flow Logic - N Springfield

----- @ Connecticut at North Walpole - Linear
----- [@ Connecticut at Montague - Linear

----- B MAX RQC-Increasing

----- B MAX ROC-Decreasing

----- @ Control rate of pool elevation drop

o [nactive

4| i b

Release Rate of Change Limit | pax ROC-Increasing

Description:

Function Of | Release

Type Increasing

Interpolate | Linear

Release (cfs)

Rate Change (cfs/hr)

0.0 500.0
3000.0 500.0
3000.01 200.0
123456.0 200.0

m

-

Rata Change {cfafhr)

450
A00
4504
4004
3804
3004
2404
2004

150 T
0

T T T T
60,000 120
Release (cfs)

T
000

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — MAX ROC-Increasing

7. MAX ROC-Decreasing

Figure 13 shows the content of “MAX ROC-Decreasing” rule. This rule shows the maximum
allowable decreasing release rate of change.

Operation Set :Existing Ops v: Description D
Zone-Rules | | |
#* Top of dam Operates Release From: Morth Springfield-Dam

[l Gate Ops During Surcharge
@ Flood Control
[l Downstream Channel Capacity
[l ABF Minimum Release
[l Connecticut at North Walpele - Linear
[ Connecticut at Montague - Linear
[l MAX ROC-Increasing
@
[ Control rate of pool elevation drop
- [ Max Outflow equals Max 21day Inflow
# Conservation
[l Downstream Channel Capacity
-[@ Min Flow Logic - N Springfield
-l Connecticut at North Walpale - Linear
[l Connecticut at Montague - Linear
[l MAX ROC-Increasing
[l MAX ROC-Decreasing
--[@ Control rate of pool elevation drop
o (nactive

4 | 1 3

Release Rate of Change Limit | jax ROC-Decreasing

Description:
Function Of:

Type

Max Rate of Change

Constant

:Decreasing
(cfsihr)

1200.0

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — MAX ROC-Decreasing
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8. Control rate of pool elevation drop
Figure 14 shows the content of “Control rate of pool elevation drop” rule. This rule shows the
maximum allowable decreasing pool elevation rate of change.

Operation Set :Existing Ops v: Description E]
Zone-Rules | I | |
8 Top of dam Operates Release From: North Springfield
[l Gate Ops During Surcharge ) o
@& Flood Contral Elevation Rate of Change Limit | control rate of pool elevation drop
..... B Downstream Channel Capacity Description ™

----- [ ABF Minimum Release

----- B Connecticut at Morth Walpole - Linear
----- [E Connecticut at Montague - Linear

----- [E MAX ROC-Increasing

----- [E MAX ROC-Decreasing

----- i)

----- @ Max Qutflow equals Max 21day Inflow
@ Conservation

----- @ Downstream Channel Capacity

----- @ Win Flow Logic - N Springfield

----- [ Connecticut at Morth Walpole - Linear
----- [ Connecticut at Montague - Linear

----- @ MAX ROC-ncreasing

----- @ MAX ROC-Decreasing

----- @ Control rate of pool elevation drop

o [nactive

4 1 | »

Function OF | constant
Type :Decreasing
) Instantaneous
@ Period Average

Max Change of (ft) 10.0| Over

24 hours

Figure 14: Reservoir Editor: Operations Tab — Existing Ops OpSet — Control rate of pool elevation drop

9. Max Outflow equals Max 21 day Inflow
Figure 15 shows the content of “Max outflow equals Max 21 day Inflow” rule. This rule
represents the maximum release from dam as a function of the previous 3 weeks of inflow.

Operation Set :Existing Ops v: Description E]
Zone-Rules | | I
wh Top of dam Operates Release From: Morth Springfield
~-[l Gate Ops During Surcharge . L
B Flood Control Rule Name: |y equals Max 21day Inflow | Description: ]

----- B Downstream Channel Capacity

----- [E ABF Minimum Release

----- [E Connecticut at Morth Walpaole - Linear
----- [B Connecticut at Montague - Linear

----- [B MAX ROC-Increasing

----- [E MAX ROC-Decreasing

----- @ Control rate of pool elevation drop

----- W
A Conservation

----- [B Downstream Channel Capacity

----- W Min Flow Logic - N Springfield

----- B Connecticut at Morth Walpole - Linear
----- [ Connecticut at Montague - Linear

----- B MAX ROC-Increasing

----- [E MAX ROC-Decreasing

----- [E Control rate of pool elevation drop

o [nactive

1| 1 t

Inflow

Function of: |_pggl Inflow, Period Maximum, 0.0 hr lag, 504.0 hr period

Limit Type: |Maxi.. | Interp.: [Li. |
Flow (cfs) Release (cfs)
0.0 00| -
3500.0 3500.0
123456.0 3500.0

381

T T
0 40,000

Flow (efs)
[] Period Average Limit
[] Hour of Day Multiplier
[7] Day of Week Multiplier
[] Rising/Falling Condition

[T Seasonal Variation

T
80,000 120,000

Figure 15: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Outflow equals Max 21 day
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10.Min Flow Logic-N Springfield
Figure 16 shows the content of “Min Flow Logic-N Springfield” rule. This rule describes required
seasonal minimum flows from controlled outlets as a function of inflow at North Springfield.

Operation Set :Existing Ops v: Description [:]
Zone-Rules | | |
# Top of dam Operates Release From: North Springfield
[l Gate Ops During Surcharge . S
& Flood Control Rule Name: | Flow Logic - M Springfield  Description: [

----- [ Downstream Channel Capacity

----- @ ABF Minimum Release

----- [E Connecticut at Morth Walpole - Linear
----- [ Connecticut at Montague - Linear

----- B MAX ROC-Increasing

----- [E MAX ROC-Decreasing

----- @ Control rate of pool elevation drop

----- B Max Outflow equals Max 21day Inflow
o™ Conservation

""" [ Downstream Channel Capacity

----- &

""" [ Connecticut at Marth Walpole - Linear
----- [E Connecticut at Montague - Linear

----- [E MAX ROC-Increasing

----- B MAX ROC-Decreasing

""" [ Contral rate of poal elevation drop

o [nactive

Function of | north Springfield-Pool Net Inflow, Current Value

Limit Type: | Minimum

» | Interp: | Linear

-

»

m

Flow Release (cfs)
(cf5) | p1san | o14pr |01dun| 010ct
0.0 0.0 00/ 00 0.0
79.09| 55993 55093|55093 55093
80.0] 56.0 560/ 80.0] 56.0
159.99/111.993| 111.993| 80.0|111.993
160.0| 160.0] 1120/ 80.0] 160.0
629.99] 160.0| 440993 80.0| 1600
630.0| 160.0| 6200/ 80.0] 160.0
123456.0| 160.0| 6300 80.0| 1600

4 | I | »

D
e 0 T 1 L
ul 40,000 20,000 120,000

Ed
[7] Day of Week Multiplier

[ Rising/Falling Condition
Seasonal Variation

F Lo [ c:fz)

[7] Period Average Limit
[ Hour of Day Multiplier

Figure 16: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow Logic-N Springfield
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Northfield

l. Overview

Northfield (full name Northfield Mountain) is a pump storage project located on the mainstem
Connecticut River above Turners Falls. It is owned and operated by FirstLight Power Resource and is
operated for hydropower generation in connection with the Turners Falls project, another FirstLight
Power resources project.

Figure 1 shows the location of Northfield Mountain dam as it is represented in the HEC-ResSim model.
Figure 2 shows a photo of the Northfield Mountain project.

(@) northfizid_in

(@ connecticutuiliers
b

UK(@) Willers at Mouth

P_Coldbrook Diversian s _-

[,
B st Ware

Figure 1: HEC-ResSim Map Display Showing Location of Northfield dam
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Figure 2: Photo of Northfield Mountain project

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3’°. The dam consists of
two types of outlets: (1) pump, and (2) Northfield Station, as shown in Figure 4.

78 Al physical and operational data from ResSim model developed by Gomez and Sullivan Engineers, P.C.
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-
K71 Reservoir Editor

S w —— ) —— - ()

Reservoir Edit Pool

Resenoir ’Northﬁe|d

L) (][] 74 of 74 [][m]

v] Description |Northfield Mountain Pumped Storage Project

Physical | QOperations | Observed Data|
A Northfield Morthfield-Pool
frlPooll
@ Linear Interpolation () Conic Interpolation  Initial Conic Depth (ft)
: L ’ Tailwater Elevation Storage Area
-4 Northfield Station @ EED) EEE)
i ' Tailwater 920.00 0.00 - 1.000:
921.00 88.00 8804
922.00 177.00 = £ 960
923.00 269.00 B gand
924.00 363.00 = o
925.00 459.00 T T T T 17T
926.00 558.00 0 8,000 16,000
927.00 658.00 Stor (ac-fi)
928.00 760.00
929.00 865.00 1,000
930.00 972.00 980
931.00 1081.00 £ g5
932.00 1192.00 3 a0
933.00 1306.00 w o]
934.00 1422.00 T
935.00 1540.00 0 200 400 600
926.00 1660.00 fi7ee) [Eed)
937.00 1781.00 i
020 00 ENsTal=alsl
oK H Cancel ]| Apply

!

Figure 3: Reservoir Editor: Physical Tab -- Pool

-
n Reservoir Editor

- m——— ) — . S

Reservoir Edit Dam

Resenvoir ’Normﬁem

O] [W][«] 74 of 74 | ] (M)

v] Description | Northfield Mountain Pumped Storage Project

Physical | Operations | Observed Datal
A Nortnfield Northfield-Dam
Elevation attop of dam [ﬂ]| 1010_0'
=4 Pumps Length attop of dam (ft) | 30_0|
4P Tailwater
-4 Northfield Station Composite Release Capacity
L Tailwater
Elevation Controlled Uncontrolled Total
(ft) (cfs) (cfs) (cfs) 1,000
938.0 20,000.0 0.0 20,000.0| 5 gan4
1,000.5 20,000.0 0.0 20,000.0| & & 0@01
= ]
i 940
TTTTTTTTT
o 12,000
Flow
(cfs)
QK Cancel ] | Apply

@ _

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Northfield’s
“ExistingOps” operational zones, which consist of zones of Flood Control (1010 ft), FERC Max Pool (100.5
ft), and Inactive zone (938 ft)".

= ™
B Reservoir Editor — R — . i ﬂ

Reservoir Edit Operations

Resenvoir Northfield ~ | Description | Northfield Mountain Pumped Storage Project ) (k][] 740174 [m][m]

Physical | Operations | Observed Data

Operation Set | Existing Ops ~ | Description =
Zone-Rules | | | |
: °t Storage Zone FERC Max Pool Description |FERC max pool =
~[l No Gen ifPump =0 FuncGion -of
E-{} Pump if TF = 177.5' m
. = IF (TF = 177.5 and NF < 995" .
‘[l Pump Schedule Date Top Elevation (ft) .
[l Power Guide Curve 01Jan 1000.5| « '
# [nactive 1,010
1,000
= 9580+
= 9804
=
E Q70+
o g0
w
950
940+
Q30 T T T T T
i Jan Mar May Jul Sep Maov
Zone Sort Elevation !
LI ’ oK ] ’ Cancel Apply
e _m— - A

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Opsl.

:i Reservoir Editor

Reservoir Edit Operations

Resemnoir :Nonhﬂeld ': -

Physical | Operations | Observed Data

Cperation Set :Existing Ops

Zone-Rules | | |

I Flood Control
L_JFERC Max Pool
[l Mo Gen if Pump =0
Er } Pump if TF = 177.5"
: E}* IF(TF =177.5" and NF = 9957
[l Pump Schedule
[l Power Guide Curve
o [nactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

C. Rule Descriptions

1. No Gen if Pump>0
Figure 7 shows the content of “No Gen if Pump>0" rule. This rule represents that when water is
pumped then no water is released from Northfield.

Operation Set :Existing Ops v: Description
Zone-Rules | | I
#~ Flood Control Operates Release From: Morthfield

@™ FERC Max Pool ) o
W [ETEETEY || Rule Name: |No Gen if Pump = 0 Description:
} Pumpif TF = 177.5°

)
)
".[H Power Guide Curve || TUNEton of | Northfield-Pool Net Inflow, Previous Value
T T

I Vi r . r -
#A [nactive Limit Type: | Maxim.. = Interp. Step =
) i i 0000
Flow (cfs) Release (cfs) 2 10,000
0.0 200000 »| 3
a T T T T T
0.0001 0.0 « 0 4000 2000 12,000 16,000
15200.0 0.0

Flow {ef=)

[] Period Average Limit
[] Hour of Day Multiplier
7] Day of Week Multiplier
[] Rising/Falling Condition
~| [] Seasonal Variation

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — No Gen if Pump>0
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2. PumpifTF>177.5’

Figure 8 shows the content of “Pump if TF>177.5” rule. This rule shows that if Turner falls pool
elevation is less than 175’ and Northfield pool elevation is less than 995’then water is pumped.

Operation Set :Existing Ops

v: Description

Zone-Rules | | |

L

# Flood Control
o FERC Max Pool

[l Mo Gen if Pump =0

ERRYPump if TF > 177 5

- = |F (TF = 177.5" and NF = 9957

MM [nactive

4| [ |

Operates Release From: Morthfield

Mame: |pPymp if TF = 177.5°

Description: |Pump only if Turners Falllp

Type Mame

IF |TF = 177.5' and NF = 995’

Description

Operation Set | Existing Ops

~ | Description

Zone-Rules | | |

™ Flood Control

#® FERC Max Pool
[ Mo GenifPump =0

=-{} Pump if TF > 177.5

ERCAIF (TF = 177.5' and NF < 995)

i [nactive

4 UL b

Operates Release From: Morthfield

IF Conditional | TF = 177 5 and MF = 995" | Description:
Value1 Value2
Turners Falls-Pool:Elevation = 177.5

AND Morthfield-Pool:Elevation = 995

Add Cond.

Del. Cond.

Mave Up

Move Down

B

Crualinatn

Logical Operator:

Value 1| Constant -

Value 2 | Constant )
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Operation Set :Existing Ops v: Description [:]
Zone-Rules | | |
wh Flood Control Operates Release From: Morthfield-Pumps
#™ FERC Max Pool
I8 Mo Gen if Pump = 0 Pump Rule: |pymp Schedule Description: | puring the period when a fixd
=-{} Pump fTF > 177 5 , . . : .
; E}-P IF (TF = 177.5' and NF < 995"} Target E|II Elevation . Daily F'u.mpmg Period .
; S —~NPump Schedule Option | Storage Zone ~  Option Fixed Hour Range |
[l Power Guide Curve : .
W [nactive Zone | Existing Ops -FERC .. = Date  Begin End  No.Units
01Jan 2200 0500 4| -
01Apr 2200 0500 3 |:
16Jun 2200 | 0500 47
Pumping Strategy | Use full pump capa.. » Pumping Bias Beginning of P v
Source Resenvoir: :Turners Falls v: [7] Whole Hour Pumping Option
a4 v [ v || Minimum Pumping :No Required Min v: Min. Pump Unit Hrs o

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet —Pump if TF>177.5’

3. Power Guide Curve
Figure 9 shows the content of “Power Guide Curve” rule. This rule shows the 9.6 hours of power
generation in a day.

Operation Set :Existing Ops v: Description [:]
Zone-Rules | | |
wh Flood Control Operates Release From: Morthfield-Morthfield Station

@™ FERC Max Pool

1 No Gen ifPump =0 Hydropower - Power Guide Curve Rule |power Guide Curve

=-{ } Pump if TF = 177.5° Description: )
j E}---_IIF[TFM??.E'and MF = 9957 _ :
[l Pump Schedule Zone at Top of Power Fool FERC ... =
g _JPower Guide Curve ——
B Inactive Zone at Bottom of Power Pool Inactive - 120
% Power Storage | Plant Factor (%) @ g
0.0 0.0/~ £ 807
100.0 400/ | @ go+
o
g 407
o
=il = 207
0 T T T T T 1
0 5 10 15 20 25 30 35 40
£ Flant Factar (%)
Power Generation Pattern... ]
4 1 | ¥ i

Figure 9: Reservoir Editor: Operations Tab - Existing Ops OpSet - Power Guide Curv

389




Otis

Otis

l. Overview

Otis dam is located in the towns of Otis and Tolland, MA on the west Branch of the Farmington River. It
is owned and operated by the Massachusetts Department of Conservation and Recreation (DCR) and is

used primarily for recreation.

Figure 1 shows the location of Otis dam as it is represented in the HEC-ResSim model. Figure 2 shows a

photo of Otis dam.

e oR
’C) C;’@p" ticu UpperAmmonoosus

SRPGErts »

Haing

Figure 1: HEC-ResSim Map Display Showing Location of Otis dam
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e

Figure 2: Photo of Otis dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3””. The dam consists of
two types of outlets: (1) controlled outlet, (2) uncontrolled spillway as shown in Figure 4.

" Data from UMASS
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-
Reservoir Editor

Sard ). ==

Reservoir Edit Pool

Reservoir ’01]5

v] Description |

0] [W](a] 70r74[w](n]

Physical |gperations Obsenved Data|

‘:Dtis Otis-Pool
- oEm
B---U:‘Dam @ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (f) I:I
-4 Controlled Outlet
< spiltway Elevation Storage Area
(ft) {ac-ft) {acre)
1391.00 0.00 1,430_
1420.60 22000.00 1 420
1425.28 24600.00 = ' N
S 1 404
2 il
w 1,400
1,390 T T T 1
0 15,000
Stor (ac-mM
1,430
1,420
g i
= 1,410
w1400
138011 T T T 17171
o 40 80 120 160
Area {acra)
’ QK H Cancel ]| Apply

LS

Figure 3: Reservoir Editor: Physical Tab -- Pool
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-
Reservoir Editor

Reservoir Edit Dam

(e |

Reservoir ’01]-5

v] Description |

0] [W](a] 70r74[w](n]

Physical |gperaﬁons Obsenved Data|

A Ofis
&) Poal
=7 BH

----- % Controlled Outlet

=€ Spillway

Otis-Dam
Elevation attop of dam (ft) | 1425_23|
Length at top of dam () | 63U_g|
Composite Release Capacity
Elevation | Controlled | Uncontro... Total
(fth (cfs) (cfs) (cfs)
1,400.0 4580.0 0.0 480.0 S
1,420.6 480.0 0.0 480.0 E
1,424.7 4g0.0| 4,700.0( 5,180.0 ﬁ
1,425.3 4580.0 4,700.0| 5,180.0

1,430
1,420
& 14107
1,400
T T 11
0 3,000 6000
Flow
(cfg)

LS

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Otis’s “Existing
Ops” operational zones, which consist of zones of Top of dam (1425.28 ft), conservation (1412.4-1420.6
ft), Min Pool, and Inactive zone (1400 ft)".

P 3 ™
CLE=CT0 S s B B ==

Reservoir Edit Operations Zone Rule IF_Block

Resernvoir :Dﬁs .,: Description 0| [W][a] 7074w ][m]

| | Bhysical | Operations | Observed Data

Operation Set :Exisﬂng Ops v: Description |From UMass Farmington notes: Located in Otis and TUII[:]:
Zone-Rules
. | [Ouages] |
™ Top of Dam - . ; .
: Conservation Form UMass Farmington notes: Fro
...l Minimum Release Storage Zone Description g ()
* JConservation] Function of |p [ Defne... |
: ate
“[ll Minimum Release
o [nactive
Date Top Elevation (ft)
| 01Jan 1412.4| - 1,430
15Mar 14124 1,425
16Mar 1420.6
200ct 14206 = Ul
210ct 1412 4 = 14157
o
T 1,410
&
w 1,405
1,400
1,345 T T T T T
Jan Mar may Jul Sep Mov
Zone Sort Elevation

[ OK l [ Cancel Apply

(—

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops (Adamec, University of Massachuset,Amherst).

. . o T
:I Reservoir Editor A ‘

Reservoir Edit Operations Zot

Resenvoir | Ot

Physical | Cperations | Obse

Operation Set :Existing Ops

[ Top of Dam

= conservation|

|Fl Inactive

------ @ Minimum Release

«[l Minimum Release

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

C. Rule Descriptions

1. Minimum Release

Figure 7 shows the content of “Minimum Release” rule. This rule represents a seasonal rule for
minimum release from Otis reservoir.

Operation Set :Existing Ops

: Description |[From UMass Farmington notes: Located in Otis and ToIIE]:

Zane-Rules | | |
wh Top of Dam Dperates Release From: Otis
@ . o
¥4 Conservation Rule Name: | Winimum Release Description: O
[l Minimum Release o
WA inactive Function of |pate
LimitType: |Minimum | Interp: [Linear |
2.020
Date Release (cfs) & 2.0107
01Jan 20|-| = 7
o 2.000
o -
[ud
@ 1,890+
& -
19804 v 1 —
Jan May Sep

Figure 7: Reservoir Editor:

[7] Period Average Limit
7] Hour of Day Multiplier
7] Day of Week Multiplier
[~ Rising/Falling Condition

Seasonal Variation

Operations Tab - Existing Ops OpSet
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Otter Brook

Otter Brook

is primarily used for flood control but also for recreation.

Figure 2 shows a photo from Otter Brook dam.

. Overview
Otter Brook dam is a dam on Otter Brook that flows into the Ashuelot River in New Hampshire. It was
constructed in 1958 by the US Army Corps of Engineers and is still owned and operated by the Corps. It

Figure 1 shows the location of Otter Brook Dam as it is represented in the HEC-ResSim model, and

P_Coldbrook Diversion
f ) ., Wiest Ware
30
?CO Conant Brook_In
¥

it Lake

-
onmecticut at ftouth
i)

A0

-
CttariBrook

=

&

2

o

£

z

L

=

£

(v :

COtter Brook_In1

Figuré 1: HEC-ResSim Map Display Showing Location of Otter Brook dam
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+ o

Figure 2: Photo of Otter Brook Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3. The dam consists of
two types of outlets: (1) controlled slide gates, and (2) uncontrolled spillway, as shown in Figure 4. All
physical and operations data were provided by US Army Corps New England District, through both a
previously created ResSim model and the Reservoir Regulation Team website’®.

’® http://rsgisias.crrel.usace.army.mil/nae/cwms_map.map_index
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'
K71 Reservoir Editor

e — ) —

==

Figure 3: Reservoir Editor: Ph

ysical Tab -- Pool

Reservoir Edit Pool
Resewoir’oﬂergrook v] Description C]l (W][a] 350f74|m@
Physical | Operations | Observed Da.ta|
& Ofter Brook Otter Brook-Pool
& rool
: @ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft) I:I
Elevation Storage Area
(ft) (ac-t) (acre) 170
0.00 0.00 11.00( = —
2.00 20.00 16.00( | = a0
4.00 40.00 22.00| = 7
6.00 G60.00 27.00(= ﬁ 404
8.00 a80.00 32.00 7
10.00 a90.00 4000 0 T T T T
12.00 100.00 47.00 U g0
14.00 120.00 55.00 Stor {ac-f)
16.00 120.00 £2.00 170
18.00 140.00 70.00 -
20.00 150.00 76.00 .m0+
22.00 310.00 83.00 5 4
24.00 480.00 90.00 ﬁ 404
26.00 670.00 96.00 7
28.00 870.00 103.00 L€ o o H
| 30.00 1080.00 113.00 g 150 300 450
| 32.00 1320.00 123.00 Area (acre) H
. 34.00 1580.00 133.00| -
oK || cancel Apply

-

Reservoir Editor

e s s, [ —

e

Reservoir Edit Dam

Resenvair loﬂer Brook

= ] Description

0] W@ 3074 ()00

Physical | Operations | Observed Da.ta|

L S -

Figure 4: Reservoir Editor: Physical Tab -- Dam
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A Otter Brook Ofter Braok-Dam
&) Pool
Elevation attop of dam (ft) .
@ Slide Cates | 115.0|
QSpiIIway Length attop of dam (ft) | 1zaa_o|
Composite Release Capacity
Elevation Controlled | Uncontrolled Total
(ft) (cfs) (cfs) (cfs) 1T

0.0 0.0 0.0 0.0|~| 5 80
0.5 75.0 0.0 75.0[ | T & 4
1.0 150.0 0.0 15007 2 E
2.0 255.0 0.0 255.0 T T 11
2.3 300.0 0.0 300.0 o 40,000
3.0 330.0 0.0 330.0 Flow
3.5 360.0 0.0 360.0 {cfs)
4.0 420.0 0.0 420.0
5.0 480.0 0.0 480.0
6.0 540.0 0.0 540.0
7.0 585.0 0.0 585.0
8.0 630.0 0.0 630.0 W

|| 9.0 675.0 0.0 675.0

i 10.0 720.0 0.0 720.0( ~ W

QK ” Cancel Apply




Otter Brook

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Otter Brook’s
“ExistingOps” operational zones, which consist of zones of Surcharge-near TOD (119 ft), Surcharge (109
ft), Flood Control (89 ft), Conservation (20 ft), and Inactive zone (O ft).

— — — R
Kl Reservoir Editor - [ﬂ

Reservoir Edit Operations Zone Rule IF_Block

Reservair :Dl'terElrocuk .: Description )| [W](a] 35 074 ] (M]

Physical | Operations | Observed Data

Operation S5et :ExistingDps v: Description ]

Zone-Rules | | | |

& Surcharge - near TOD Storage Zone |Conservation Description |Pool elevations up to nc[]

@ Surcharge Function of o
ate
----- [E Min Flow - Flood Pool - Otter —

----- [E Max Release at Otter _
..... @ Slide Gate Ops Date Top Elevation ...
----- [E Connecticut at Montague - Linear 01Jan 200| 140
----- [E Max Flow at Keene 120
@ Flood Control 1004
----- [ Min Flow - Flood Pool - Otter

----- [E Max Release at Otter

----- [E Max Flow at Keene

""" [@ Connecticut at Montague - Linear
----- [B ROC Increase Flood - Otter

----- [E ROC Decrease Flood - Otter

----- [E Pool Decreasing ROC

----- B Max Outflow equals Max 21 day Inflow -20 [ . N
JConservation | Jan Mar May Jul Sep Mo
----- [E Min Flow Logic - Otter

----- [E Max Conservation Release at Otter
----- [E Max Flow at Keene

""" [@ Connecticut at Montague - Linear
""" [l ROC Increase Flood - Otter

----- [ ROC Decrease Flood - Otter i
----- [E Pool Decreasing ROC
o [nactive

80
G0
40
20

0

Elevatian ()

Zone Sort Elevation

[ QK ” Cancel H Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations
Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named

Existing Ops. As described in the Simulation/Verification section of the report, adjustments were made
to the operations to closer match gauge data.

:i Reservoir Editor

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir Otter Brook ~ | Descrij

Physical| Qperations | Observed Data

Cperation Set :ExistingDps

Zone-Rules | | |

@™ Surcharge - near TOD

M Surcharge

----- [@ Min Flow - Flood Pool - Otter

----- [B Max Release at Otter

----- @ Slide Gate Ops

----- [B Connecticut at Montague - Linear
----- [E Max Flow at Keene

|m™ Flood Caontrol

----- [@ Min Flow - Flood Pool - Otter

----- [B Max Release at Otter

----- [E Max Flow at Keene

----- [B Connecticut at Montague - Linear
----- [B ROC Increase Flood - Otter

----- [B ROC Decrease Flood - Otter

----- [l Pool Decreasing ROC

----- [B Max Outflow equals Max 21 day Inflow
L Jconservation

----- [@ Min Flow Logic - Otter

----- [E Max Conservation Release at Otter
----- [E Max Flow at Keene

----- [B Connecticut at Montague - Linear
----- [B ROC Increase Flood - Otter

----- [B ROC Decrease Flood - Otter

----- [@ Pool Decreasing ROC

l.n Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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C. Rule Descriptions

1. Slide Gate Ops-Save Dam

Figure 7 shows the content of “Slide Gate Ops-Save Dam” rule. This rule represents the
maximum allowable release from Slide gates as a function of pool elevation when the pool is in

Surcharge-near TOD zone.

Operation Set :Existingops v: Description l:]
Zone-Rules | | |
wh Surcharge - near TOD Operates Release From: Otter Brook-Slide Gates
il §Slide Gate Ops - Save Dam ] L
Rule Name: | |ide Gate Ops - Save Dam | Description: )

@ Surcharge

----- [ Min Flow - Flood Pool - Otter

----- @ Max Release at Otter

----- @ Slide Gate Ops

""" [@ Connecticut at Montague - Linear
""" W Max Flow at Keene

s Flood Control

----- [ Min Flow - Flood Pool - Otter

""" B Max Release at Otter

""" W Max Flow at Keene

""" @ Connecticut at Montague - Linear
----- B ROC Increase Flood - Otter

----- B ROC Decrease Flood - Otter

""" [ Pool Decreasing ROC

""" @ Max Qutilow equals Max 21 day Inflow
i Conservation

----- [ Min Flow Logic - Otter

----- @ Max Conservation Release at Otter
""" W Max Flow at Keene

""" @ Connecticut at Montague - Linear
----- B ROC Increase Flood - Otter

----- B ROC Decrease Flood - Otter

""" @ Pool Decreasing ROC

o [nactive

Function of |pgal Elevation, Period Average, 0.0 hrlag, 48.0 hr period

Limit Type: |Maxi - | Interps L -

Elev (ft) Release (cfs)
109.0 0.0f -
112.0 12000
114.0 2400.0
119.0 2400.0

-

2,000+

1,000+

Release {cfs)

{1 s s s s s |
1o 112 114 116 118

Elev (fty

[7] Period Average Limit Edi
[T Hour of Day Multiplier Edi
[T Day of Week Multiplier Edit...

[7] Rising/Falling Condition

Edit...

[7] 2easonal Variation Edit...

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Slide Gate Ops-Save Dam
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2. Min Flow-Flood Pool-Otter
Figure 8 shows the content of “Min Flow-Flood Pool-Otter” rule. This rule shows the required
minimum release from dam during flood control operations.

Operation Set :Existingops

v: Description

Zone-Rules | | |

™ Surcharge - near TOD
‘[l Slide Gate Ops - Save Dam

@™ Surcharge

----- 7]

----- @ Max Release at Otter

----- @ Slide Gate Ops

----- B Connecticut at Montague - Linear
----- [E Max Flow at Keene

@™ Flood Control

----- @ Min Flow - Flood Pool - Otter

----- B Max Release at Otter

----- [E Max Flow at Keene

----- B Connecticut at Montague - Linear
----- B ROC Increase Flood - Otter

----- B ROC Decrease Flood - Otter

----- B Pool Decreasing ROC

@ Conservation

----- 1@ Min Flow Logic - Otter

----- [l Max Conservation Release at Otter
----- [E Max Flow at Keene

----- [E Connecticut at Montague - Linear
----- B ROC Increase Flood - Otter

----- [E ROC Decrease Flood - Otter

----- B Pool Decreasing ROC

o [nactive

----- [E Max Outflow equals Max 21 day Inflow

Function of: | pate

Operates Release From: Otter Brook

Limit Type: | Minimum | Interp. [Step |

Rule Name: |in Flow - Flood Pool - Otter | Description:

Date

Release (cfs)

01Jan

250 ~

5.2
5.1
5.0

249

Releaze (ofs)

4.8+

T T T T
Jan Mar Way  Jul  Sep
[ Period Average Limit
[ Hour of Day Multiplier
] Day of Week Multiplier
["] Rising/Falling Condition

Seasonal Variation

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow-Flood Pool-Otter

3. Max Release at Otter

Figure 9 shows the content of “Max Release at Otter” rule. This rule shows the maximum
allowable release from dam.

Operation Set :Existingops

v: Description

Zone-Rules | | |

¥ Surcharge - near TOD

@™ Surcharge

----- 1@ Min Flow - Flood Pool - Otter

----- )

----- W Slide Gate Ops

----- [E Connecticut at Montague - Linear
----- [E Max Flow at Keene

#d Flood Control

----- [@ Min Flow - Flood Pool - Otter

----- [E Max Release at Otter

----- [E Max Flow at Keene

----- [E Connecticut at Montague - Linear
----- B ROC Increase Flood - Otter

----- B ROC Decrease Flood - Otter

----- B Pool Decreasing ROC

----- @ Max Outflow equals Max 21 day Inflow
& Conservation

----- @ Min Flow Logic - Otter

----- [l Max Conservation Release at Otter
----- [E Max Flow at Keene

----- [E Connecticut at Montague - Linear
""" [E ROC Increase Flood - Otter

----- B ROC Decrease Flood - Otter

----- B Pool Decreasing ROC

ol [nactive

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Release at Otter

Operates Release From: Otter Brook

Rule Name: ||ax Release at Otter

Function of: |pate

Limit Type: |Maximu.. | Interp.: [Step = |

Date

Release (cfs)

01Jan

650.0|

402

Description: | Maximum release rate from Otte[.]

G2

[7] Period Average Limit
[] Hour of Day Multiplier
[7] Day of Week Multiplier
[T Rising/Falling Condition

Seasonal Variation

T T T T T
Jan hBr by Jul Sep Mow

Edit...



Otter Brook

4. Slide Gate Ops
Figure 10 shows the content of “Slide Gate Ops” rule. This rule represents the maximum
allowable release from Slide gates as a function of pool elevation when the pool is in Surcharge

zone.
Operation Set ExistingOps ~ | Description @]
Zone-Rules | | |
wh Surcharge - near TOD Operates Release From: Ofter Brook-Slide Gates
- [l $Slide Gate Ops - Save Dam = C
#™ Surcharge Rule Name:  gjide Gate Ops Description: @]

----- [ Min Flow - Flood Poal - Otter

..... B Max Release at Ofter Function of: -aok-Pool Elevation, Period Average, 0.0 hr lag, 48.0 hr period

----- ® :
---- B Connecticut at Montague - Linear Limit Type: | Maximu... v | Inte: [Line... v 2,500+
" Eo::u:jaégft::ft reene Elev (ft) Release (cfs) 7 2,000
----- @ Min Flow - Flood Pool - Otter 89.0 B50.0/ «| 2 14007
----- B Max Release at Otter 89.975 0.0 & 1000+
----- B Max Flow at Keene 109.0 0.0 2 s
----- B Connecticut at Montague - Linear 112.0 1200.0 " |
----- @ ROC Increase Flood - Otter 1140 2400.0 85 90 5 08 16 08 o
----- [@ ROC Decrease Flood - Otter 119.0 2400.0 Bav (1)
---- B Pool Decreasing ROC
----- [ Max Outflow equals Max 21 day Inflow [7] Period Average Limit

# Conservation o
----- @ Min Flow Logic - Otter [T Hour of Day Multiplier
E

----- @ Max Conservation Release at Otter [7] Day of Week Multiplier
---- B Max Flow at Keene - . -
----- B Connecticut at Montague - Linear [ rising/Falling Condition

---- B ROC Increase Flood - Otter
---- B ROC Decrease Flood - Otter
---- B Pool Decreasing ROC

o [nactive

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet Slide Gate Ops

"] Seasonal Variation

Edi
Lo |
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5. Connecticut at Montague-Linear
Figure 11 shows the content of “Connecticut at Montague-Linear” rule. This rule represents the
maximum allowable release from the dam as a function of the previous day stage at Montague.
The previous day stage was used to account for the delay that occurs between the stage
exceeding the specified target and the change in operations at the flood control dams that
occurs in reality.

Operation Set | ExistingOps ~ | Description O
Zone-Rules | | |
wh Surcharge - near TOD Operates Release From: Otter Brook
[l Slide Gate Ops - Save Dam ) o
& Surcharge Rule Name: | cticut at Montague - Linear| Description: o
-8 Min Flow - Flood Pool - Otter o
- |Connecticut at Montague Stage, Previous Value Define...
@ Max Release at Otter Function of: | Connecticut at Mont Stage, Previous Val
- [l Slide Gate Ops - ; i i :
Limit Type: i Interp.: | Lj
sl Connecticut at Montague - Linear P& | M, p-|Line.. =/
[l Max Flow at Keens 5004
& Flood Control Stage (ft) Release (cfs) -~ 500
--[@ Min Flow - Flood Pool - Otter 0.0 6500 4| & ;ﬂ;g:
[l Max Release at Otter 25.0 650.0 &
[l Max Flow at Keene 26.0 520.0 2 0]
[l Connecticut at Montague - Linear 27.0 3000 [ [ [ T¥ 0[]
[l ROC Increase Flood - Otter 28.0 260.0 0 5 10 15 20 25 30 35 40 45 50
[l ROC Decrease Flood - Otter 28.0 130.0 stage (1)
--[@ Pool Decreasing ROC 30.0 00
[l Max Outflow equals Max 21 day Inflow 50.0 0.0 [] Period Average Limit
¥ Conservation . .
@ Min Flow Logic - Otter [] Hour of Day Multiplier
g Max Conservation Release at Otter [7] Day of Week Multiplier
[l Max Flow at Keene
[l Connecticut at Montague - Linear [Tl Rising/Falling Condition
B ROG Do P ot 7 Seasoral Varaton
[l Pool Decreasing ROC
o [nactive 8

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at Montague-Linear
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6. Max Flow at Keene
Figure 12 shows the content of “Max Flow at Keene” rule. This rule represents the maximum
allowable flow downstream at the point Ashuelot+Otter Brook.

Operation Set | Existing0ps ~ | Description [®]
Zone-Rules | | |
#h Surcharge - near TOD Operates Release From: Otter Brook
[l Slide Gate Ops - Save Dam ) o
™ Surcharge Rule Name: pax Flow at Keene Description: O

-1l Min Flow - Flood Pool - Otter
-l Wax Release at Otter

@ Slide Gate Ops
--[l Connecticut at Montague - Linear
]
@& Flood Control
-[@ Min Flow - Flood Pool - Otter
- [l Max Release at Otter
-1l Wax Flow at Keene

[ Connecticut at Montague - Linear
-l ROC Increase Flood - Otter
- [l ROC Decrease Flood - Otter
- [l Pool Decreasing ROC
-l Max Qutflow equals Max 21 day Inflow
@ Conservation
-l Min Flow Logic - Otter
[l Max Conservation Release at Otter
-1l Wax Flow at Keene
[l Connecticut at Montague - Linear
-l ROC Increase Flood - Otter
-l ROC Decrease Flood - Otter
- [l Pool Decreasing ROC
ol [nactive

Function of: |pate

Limit Type: | Maximum | Interp: Step |
Downstream Location: | Ashuelot+Otter Brook

Parameter; Flow =

Flow (zfs)

Date Flow (cfs)

01Jan 25000( -

[~ Hour of Day Multiplier
[T Day of Week Multiplier

[] Flow Contingency

2520
2510
2500
2400
2.430:

T T T T T
Jan Mar hMay Jul Sep Now

Edit...

Period Average Limit

Seasonal Variation

i Advanced Options

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max flow at Keene

7. ROC Increase Flood-Otter
Figure 13 shows the content of “ROC Increase Flood-Otter” rule. This rule shows the maximum
allowable increasing release rate of change as a function of release from Otter Brook dam.

Operation Set :Existingops

v: Description

Zone-Rules | | |

[

¥ Surcharge - near TOD

@ Surcharge
----- [ Min Flow - Flood Pool - Otter
----- B Max Release at Otter
----- W Slide Gate Ops
-[@ Connecticut at Montague - Linear
----- [E Max Flow at Keene
#d Flood Control
----- [ Min Flow - Flood Pool - Otter
----- B Max Release at Otter
----- [E Max Flow at Keene
[ Connecticut at Montague - Linear
----- )
-[@ ROC Decrease Flood - Otter
-[l Pool Decreasing ROC
----- [l Max OQutflow equals Max 21 day Inflow
& Conservation
----- [ Min Flow Logic - Otter
-[l Max Conservation Release at Otter
""" [E Max Flow at Keene
----- [E Connecticut at Montague - Linear
----- B ROC Increase Flood - Otter
----- B ROC Decrease Flood - Otter
----- B Pool Decreasing ROC
ol [nactive

Operates Release From: Otter Brook

Release Rate of Change Limit | ROC Increase Flood - Otter

Description:
Function Of |Release -
Type Increasing -

Interpolate | step

Release (cfs) Rate Change (cfs/hr)

0.0 100.0| »
500.0 100.0|
500.1 50.0

123456.0 50.0

m

110
100
40+
a0+
70
60

Rate Change (cfs/hr)

50

40 T T T T T
0 60,000 120,000
Release (cfs)

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — ROC Increase Flood-Otter
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8. ROC Decrease Flood-Otter
Figure 14 shows the content of “ROC Decrease Flood-Otter” rule. This rule shows the maximum
allowable decreasing release rate of change.

Operation Set :ExistingDps

v: Description

Zone-Rules | | |

™ Surcharge - near TOD

@ Surcharge

----- [@ Min Flow - Flood Pool - Otter

----- B Max Release at Otter

----- [ Slide Gate Ops

----- [E Connecticut at Montague - Linear
----- [H Max Flow at Keene

™ Flood Control

----- W Min Flow - Flood Pool - Otter

----- @ Max Release at Otter

----- [H Max Flow at Keene

----- B Connecticut at Montague - Linear
----- [E ROC Increase Flood - Otter

----- i)

----- B Pool Decreasing ROC

----- [E Max Outflow equals Max 21 day Inflow
# Conservation

----- [E Min Flow Logic - Otter

----- [E Max Conservation Release at Otter
----- @ Max Flow at Keene

----- [E Connecticut at Montague - Linear
----- [B ROC Increase Flood - Otter

----- B ROC Decrease Flood - Otter

----- [E Pool Decreasing ROC

A [nactive

Operates Release From: Otter Brook

Description:
Function Of: bonstant
Type :Decreasing

Max Rate of Change (cfs/hry

Release Rate of Change Limit | ROC Decrease Flood - Otter

Figure 14: Reservoir Editor: Operations Tab — Existing Ops OpSet — ROC Decrease Flood-Otter

9. Pool Decreasing ROC
Figure 15 shows the content of “Pool Decreasing ROC” rule. This rule shows the maximum
allowable decreasing pool elevation rate of change.

Operation Set :Existingops

v: Description

Zone-Rules | | |

™ Surcharge - near TOD

™ Surcharge
@ Min Flow - Flood Pool - Otter
----- [E Max Release at Otter
----- @ Slide Gate Ops
----- [@ Connecticut at Montague - Linear
----- [H Max Flow at Keene
@& Flood Control
----- [ Min Flow - Flood Pool - Otter
----- [l Max Release at Otter
----- [E Max Flow at Keene
----- [@ Connecticut at Montague - Linear
----- B ROC Increase Flood - Otter
""" [l ROC Decrease Flood - Otter
----- )
----- @ Max Outflow equals Max 21 day Inflow
& Conservation
----- [ Min Flow Logic - Otter
----- [@ Max Conservation Release at Otter
----- [E Max Flow at Keene
----- [@ Connecticut at Montague - Linear
----- B ROC Increase Flood - Otter
""" [l ROC Decrease Flood - Otter
----- B Pool Decreasing ROC

ol [nactive

Operates Release From: Otter Brook

Elevation Rate of Change Limit |pgg| Decreasing ROC

Description

Function Of. | constant
Type :Decreasing
) Instantanecus
@ Period Average

Max Change of (ft) 10.0| over

24| hours

Figure 15: Reservoir Editor: Operations Tab — Existing Ops OpSet — Pool Decreasing ROC
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10. Max Outflow equals Max 21 day Inflow
Figure 16 shows the content of “Max outflow equals Max 21 day Inflow” rule. This rule
represents the maximum release from dam as a function of the previous 3 weeks of inflow.

Operation Set :Existingt)ps

v: Description (]

Zone-Rules | [ [

™ Surcharge - near TOD

# Surcharge

----- [ Min Flow - Flood Pool - Otter

----- @ Max Release at Otter

----- [ Slide Gate Ops

----- [@ Connecticut at Montague - Linear

----- [E Max Flow at Keene

@ Flood Control

----- [@ Min Flow - Flood Pool - Otter

----- [E Max Release at Otter

----- B Max Flow at Keene

----- [@ Connecticut at Montague - Linear
[l ROC Increase Flood - Otter

----- B ROC Decrease Flood - Otter

----- @ Pool Decreasing ROC

----- =)

@™ Conservation

----- [E Min Flow Logic - Otter

----- [l Max Conservation Release at Otter

----- [E Max Flow at Keene

----- [@ Connecticut at Montague - Linear

----- [l ROC Increase Flood - Otter

----- B ROC Decrease Flood - Otter

----- @ Pool Decreasing ROC

ol [nactive

Operates Release From: Ofter Brook

Rule Name: \y equals Max 21 day Inflow | Description: [

Function of: | rggk-Pool Inflow, Period Maximum, 0.0 hr lag, 504.0 hr period

LimitType: |Maximu.. «| Interp. [Line... + |

700
600
Flow (cfs) Release (cfs) — 500
0.0 0.0 »| = 400
650.0 650.0 # 300
123456.0 6500/ | = 307
100+
T T T T T T
o 40,000 20,000 120,000

Flow (zfs)

[ Period Average Limit
[ Hour of Day Multiplier
[7] Day of Week Multiplier
|| Rising/Falling Condition

[] seasonal Variation

Figure 16: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Outflow equals Max 21 day

Inflow

11.Min Flow Logic-Otter
Figure 17 shows the content of “Min flow Logic-Otter” rule. This rule provides seasonal
minimum releases from Otter Brook as a function of inflow.

Operation Set _EsttingOps

~ | Description (]

Zone-Rules | | |

## Surcharge - near TOD

[l Slide Gate Ops - Save Dam
#M Surcharge
~-[@ Min Flow - Flood Pool - Otter
[l Max Release at Otter
[l Slide Gate Ops

[E Connecticut at Montague - Linear
- [l Max Flow at Keene
# Flood Control
{8 Min Flow - Flood Pool - Otter
[l Max Release at Otter
[l Max Flow at Keene
[l Connecticut at Montague - Linear
[l ROC Increase Flood - Otter
-l ROC Decrease Flood - Otter
-[@ Pool Decreasing ROC
[l Max Outflow equals Max 21 day Inflow
™ Conservation
-0
-[W Max Conservation Release at Otter
[l Max Flow at Keene
-[@ Connecticut at Montague - Linear
[l ROC Increase Flood - Otter
-l ROC Decrease Flood - Otter
-l Pool Decreasing ROC
WM [nactive

Operates Release From: Otter Brook
Rule Name: | Min Flow Logic - Otter Description: (]

Function of | Otter Brook-Pool Net Inflow, Current Value

LimitType: |Minimum | Interp: [Linear |

200 =
Flow Release (cfs) = 150
() | gJan | o1Apr | 01dun | 010ct .
0.0 0.0 0.0 0.0 00| | B ool
24.99| 17.493] 17.493 17.493] 17.493 &
250|175 175 250] 175 T
40.99] 34.993] 34.993] 250]34.993 0 40000 E0000 120,000
50.0]  50.0 350] 250] 500 Flow (sfs)
199.99] 50.0] 139.993] 250/ 500
200.0] 500 2000] 250/ 500 [ Period Average Limit Ed
123456.0] 50.0|  200.0| 250] 50.0 ] Hour of Day Muliplier
T Day of Week Multiplier
[ Rising/Falling Condition
d

Seasonal Variation

Figure 17: Reservoir Editor: Operations Tab - Existing Ops OpSet - Min Flow Logic-Otter
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Power Canal (Turners Falls)

Power Canal (Turners Falls)

l. Overview
Power Canal dam is one of the outlet canals from Turners Falls that is used for hydropower generation

It is part of the Turners Falls project but is modeled separately in the ResSim model because Gomez and

Sullivan Engineers P.C., modeled it in this fashion
Figure 1 shows the location of Power Canal Dam as it is represented in the HEC-ResSim model

b
5
5
]
O Deerfield at MW
s (_) onnecticut at Molgh e i
Figure 1: HEC-ResSim Map Display Showing Location of Power Canal dam
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Power Canal (Turners Falls)

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 2. The dam consists of
three types of outlets: (1) controlled Canal Fishways, and (2) Station No.1, and (3) Cabot Station as
shown in Figure 3.

ra ™
K7 Reservoir Editor S — — . | — ﬁ
Reservoir Edit Pool
Resenvoir :PgwerCanm v: Description o E@ 73 0f 74 @@
Physical |Qperati0ns Observed Data
/_:\. Power Canal Power Canal-Pool
~oEm
=-7 Dam @ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft)
«O Tailwater
E?""----iaq'g?lvt]:t.e-: Elevation Storage Area
&4 Cabot Station ® (ach) (acre) 175607
' Tailwater 171.50 402.89 17404
’ Canal Fishways 172 50 43388 Py B
173.50 464 88 =g 1?3.0:
174.50 49587 2o g
B LY R o
420 450 480
Star (ac-fy
1745.0
1?4.0:
E i
z 1?3.0_
i} 1?2.0:
I LY B e o s |
0 150 300 450
Area (acre)
OK ” Cancel Apply

S o E J

Figure 2: Reservoir Editor: Physical Tab -- Pool
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r ™y
Rescrvoir Edital e — ) — ——

Reservoir Edit Dam

Resenvoir [F'owerCanal v] Description [;]| (][] 73 Uf-ml@@
Ehysical | Operations | Observed Data|
4 Power Canal Power Canal-Dam
i Poal
BU Elevation attop of dam (ﬂ}| |
- Tailwater
=4 Station No. 1 Length at top of dam (ft) | |
4 Tailwater
9--' Cahot Station Composite Release Capacity
| - 4P Tailwater
’ Canal Fishways Elevation Controlled | Uncontrolled Total
(ft) (cfs) (cf=) (cfs) 180
0.0/ 16,524.0 0.0/ 16,524.0/«| 5  12p3
173.0| 16,524.0 0.0/ 16,524.0( | & & EDE
175.0| 16,524.0 0.0/ 16,524.0 o ]
190.0| 16,524.0 0.0/ 16,524.0 DT
o 10,000
Flow
= {cfa)
QK ] l Cancel l | Apply

L i

Figure 3: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 4 shows the definition of Power Canal’s
“ExistingOps” operational zones, which consist of zones of Flood Control (174 ft), Normal Pool (173.5 ft),
and Inactive zone (173.5 ft).

E7i Reservoir Editor — - — - . — [ﬂ

Reservoir Edit Operations

Reservoir :Flgwer[}ana| v: Description | [E]@ 73 0f74 [E]@

Physical | Operations | Observed Data

Operation Set :Existing Ops v: Description E]
Zone-Rules | Rel. Alloc. | |
o Flood Control ) -
: Conservation
I8 Fishway Releases Storage Zone Description [
-[@ CabotReleases (script) EREialol
[l Station Mo. 1 Releases (script)
_JConservation :
Date Top Elevation (ft)
01Jan 1735 1rad
174.0
o [nactive 1739
E 7384
5
= 1737
i
m 1736
1735
1734 T T T T T
- Jan Mar May  Jul Sep Mow
Zone Sort Elevation
[ 0K ] [ Cancel l l Apply

— — - A

Figure 4: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve

Figure 5 shows a sequential release allocation approach specified for available outlets along Power canal
Dam. The available outlets are given an order of priority for release. The Cabot Station gets the release
first until it reaches release capacity. The Station No.1 gets the remainder of the release until it reaches
capacity. After the capacity through the Station No.1 is reached, the remainder of the release goes
through the Canal Fishways.
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Power Canal (Turners Falls)

ﬂ Reservoir Editor

— c——— ) —

Reservoir Edit Operations

Physical | Operations | Opsemved Data

Resenoir | power Canal ~ Description

) (][]

Operation Set Existing Ops

Description

Zone-Rules | Rel. Alloc. | |

Release Allocation Strategy

ﬂ_ Power Canal - Balanced

<y Power Canal-Cabot Station
<y Power Canal-Station No. 1
~-<> Power Canal-Canal Fishways

Power Canal-Dam (1.0) - Sequential

Release Location: Power Canal-Dam

Allocation Type: | Sequential

Power Canal-Cabot Station
Power Canal-Station Mo. 1
Power Canal-Canal Fishways

Figure 5: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation

B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named

Existing Ops.

Ej Reservoir Editor

Reservoir Edit Operations

Resenvoir | power Canal v | Dt

Physical | Operations | Opserved Data

Operation Set :Existing Ops

Zone-Rules | Rel. Annc_l |

||n Flood Contral

----- [ Fishway Releases

----- [@ CabotReleases (script)

----- [@ Station Mo. 1 Releases (script)
|~

----- @ Fishway Releases

----- [l CabotReleases (script)

----- @ Station Mo. 1 Releases (script)
I.n Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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C. Rule Descriptions

1. Fishway Release

Figure 7 shows the content of “Fishway Release” rule. It shows the sum of Cabot ladder
attraction flow and fishway flow, spillway ladder fishway flow (not attraction flow which
releases from spillway gates), and Cabot log sluice for downstream fish passage. Gatehouse
ladder attraction flow and fishway flow release to the canal and are available for generation so
are not included here. Values of 386 cfs include the cabot and spillway ladders, values of 586 cfs
include those two ladders plus the Cabot log sluice, and values of 200 cfs include the log sluice
only.

Operation Set :Existing Ops v: Description [:]

Zone-Rules | Rel.NIoc.l |

e Flood Control
= JFishway Releases -
.18 Cabot Releases (script) Rule Mame: Fishway Releases Description: | sum of Cabot ladder attractio .

[l Station Mo. 1 Releases (script)

@A Normal Pool Function of | pate

[l Fishway Releases - ; : : -
: Limit Type: i ~ | Interp.: -
[l Cabot Releases (script) ¥pe. | Specifl... v P Step -

Operates Release From: Power Canal-Canal Fishways

Goo

[i Station Mo. 1 Releases (script) W 4nn:

oA nactive Date Release (cfs) £ 7
01Jan 00l - ﬁ znn:
01Apr 3|E0 | & o e
O7Apr R86.0 Jan Mar WEy  Jul Sep Mow
16Jul 2000 =
155ep 5a86.0| | [C] Period Average Limit Edit..

16Mov 200.0 [] Hour of Day Multiplier
[7] Day of Week Multiplier
[7] Rising/Falling Condition

Seasonal Variation Edit...
Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Fishway Release

-
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2. Cabot Release(script)
Figure 8 shows the content of “Cabot Relesea” rule. This script calculates the Power Canal's
inflow and subtracts the seasonal fishways flow to determine how much flow should be released
through Cabot Station. 1400 cfs corresponds to the minimum flow to run one unit at Cabot;
13,728 cfs is Cabot's capacity.

Operation Set | Existing Ops « | Description E]
Zone-Rules | Rel. Alloc. I I |
#A Flood Contral Operates Release From: Power Canal-Cabot Station
@ Fishway Releases . . :
B Script Operation Rule | Cabot Releases (script)
E Station No. 1 Releases (script) Description This scrint calenlates the Prwer Canals inflow and subtracts the ssasnnal fishweavs fiol -
13 # create new Operation Value (OpValue) to return
14 opValue = OpValueil
15
18 # This script calculates the Power Canal's inflow and subtracts the seasonal
17 # fishways flow to determine how muck flow should be relessed through Cabot Station.
18 # 1400 cfs correspords to the minimum flow to run one unit at Cabet; 13,728 cfs is Cabot's capacity.
1a
20 # Calculate the power canal's effective inflow (inflow - Ffishway release)
z1 canal_inflow = network.getTimeSeries("Reservoir”, "Pover Canal”, "Fool”, "Flov-TH NET") .getCurrent¥alueicurrentRuntimesten)
2z fishwvay outflow = network.getTimeSeries("Reservoir”,"Power Canal”, "Canal Fishways-Fishway Releases", "Flow-SPEC").getCurrentValue (currentRuntimestep)
23 effective_inflow = canal_inflow - fishway_outflow
zd
25 #cabot_minflow = 1400
26 ffcabot_capacity = 13728
27
25 # set tvpe and value for OpValue
23 # type is one of:
30 # OpRule.RULETYPE MAX - maximum flow
3l # OpRule.RULETYPE MIN - minimum £low
3z # OpRule RUVLETYPE SPEC - specified flow
33 if effective_inflow < 1400:
34 opW¥alue.init (OpRule.RULETYPE_SPEC, O)
35 elif effective inflow <= 13728:
36 opValue.init (OpRule .RULETYPE_SPEC, effective_inflaow)
37 else:
38 opW¥alue.init (OpRule.RULETYPE_SPEC, 13728)
39
40 # return the Operatiom Value.
4L # return "Nome" to khave no effect on the compute
4z return opValue

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Cabot Relesae
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3. Station No.1 Releases(script)
Figure 9 shows the content of “Station No.1 Releases” rule. This script calculates the Power
Canal's inflow and subtracts the seasonal fishways flow to determine how much flow should be
released through Station No. 1. 1400 cfs corresponds to the minimum flow to run one unit at
Cabot; 13,728 cfs is Cabot's capacity.

Operation Set | Existing Ops ~ | Description [

Zone-Rules | Rel, Alloc. | I | |

Flaod Cantrol Operates Release From: Power Canal-Station No. 1
@ Fishway Releases
1@ Cabot Releases (scripi) Script Operation Rule  station No. 1 Releases (script)
B Description This script calculates the Power Ganal's inflow and subtracts the seasonal fishways flow to determine how much flow should be released through Station No. 1. 1400 cfs corres|[_)i
13 # create new Operation Value (OpValue) to returs
14 opValue = OpValus (]
15
18 # This script calculates the Power Canal's inflow and subiracts the seasonal
17 # Fishways flow to determine how much flow skhould be released through Station No. 1.
18 # 1400 ofs corresponds to the minimum Flow to run one unit 3t Cabats 13,728 ofs is Czbot's capacity.
19
20 4§ Calculate the power camzl's effective inflow (inflow - Fishway release)
zl canal_inflow = network.getTimeSeries ["Reservoir®, "Power Canal”, "Pool”, "Flow-IN NET") .getCurrentValueicurrentRuntimestep)
2z fishway_ocutflovw = network.getTimeJeries("Reservolr”, "Powsr Canal”, "Canal Fishways-Fishway Releases", "Flow-3FPECY).getCurrentValue (currentRuntimestep)
z3 effective_inflow = canal_ inflow - fishway oucflow
24
25 #cabot_minflow = 1400
28 #cabot_capacity = 13723
27
28 4 set type and value for OpValue
20 # type is one of:
30 # OpRule.RULETYFPE MAY - maximum £low
31 # OpRule.RULETYFPE MIN - minimum flow
32 # OpRule.RULETYPE SPEC - specified £low
33 if effective_inflow < 1400:
34 opValue. init (OpRule.RULETYPE_SPEC, effective_inflow)
35 elif effective_inflow > 13725:
36 opValue.init (OpRule.RULETYPE_SPEC, effective inflow - 13728)
37 else:
38 opValue.init (OpRule.RULETYPE_SPEC, 0]
33
40 # return the Operation Value.
4l # return "None" to have no effect on the compute
4z return opValue

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Station No.1 Releases(script)
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Quabbin Windsor

Overview

Quabbin Windsor

l.
The Quabbin Windsor dam is a very large project located on the Swift River that feeds into the Chicopee
River. It is owned and operated by the Massachusetts Water Resources Authority (MWRA) and is used

for water supply for the City of Boston.

Figure 1 shows the location of Quabbin Windsor dam as it is represented in the HEC-ResSim model.

Figure 2 show a photo of Quabbin Windsor dam.
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Figure 1: HEC-ResSim Map Display Showing Location of Quabbin dam



Quabbin Windsor

Figure 2: Pi;oto of Quabbih Windsor dam.

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3”°. The dam consists of
three types of outlets: (1) controlled Bypass to Swift River, (2) uncontrolled spillway, (3) uncontrolled
Auxillary Spillway as shown in Figure 4.

7 Phase | Report. 1978.
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Quabbin Windsor

r
m Reservoir Editor

- —— ) —

S5c)

Reservoir Edit Pool

Reservoir [Quabbin Winsor

= ] Description

) [W][«] 65 or74[m][n]

Physical | Operations | Observed Da.ta.|

:QOuabbinWi"SUF Quabbin Winsor-Pool
=&
4@ Evaporation @ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft) I:I
E=-57 Dam
g gg‘ﬁ;m Swift River Elevation Storage Area
Loy Auxillary Spillway (m EE (acre) 520
386.00 0.00 0.00] ~ ]
43400 30400.00 190000 | o 4804
446.00 64500.00 3740.00 % 4404
456.00 109900.00 5200.00 oA
466.00 170300.00 £900.00 400 o
476.00 250700.00 9300.00
= ] 800,000
486.00 353300.00 11300.00/|~ :
49138 418000.00 12880.00 stor (ac-f)
496.00 481200.00 14500.00
506.00 £40000.00 16980.00 o
511.00 728000.00 18300.00 = 480
| 516.00 821000.00 19680.00 = 440
521.00 922000.00 21060.00 moed
I 526.00 1030000.00 21920.00 4007
531.00 1150000.00 23300.00 0 Neman
534.00 1220000.00 24160.00 :
536.00 1270000.00 24700.00 Area (acre)
l oK || cancel Apply
Figure 3: Reservoir Editor: Physical Tab -- Pool
rd ™
K" Reservoir Editor - — ) — S5
Reservoir Edit Dam
Resenvoir | Quabbin Winsor ~ | Description O (][] 85 of 74 ] [m]
Physical | Operations | Obsenved Data|
A Quabbin Winsor Quabbin Winsar-Dam
=-&) Poal
Evaporation Elevation attop of dam (ft)
& v | 556.1|
9 Bypass to Swift River Length at top of dam (ft) | 2ﬁ4g_g|
<> Spillway
& Auxdllary Spillway Composite Release Capacity
Elevation Controlled Uncontrolled Total
(ft) (cfs) (cfs) (cfs) 3
e snd——
471.1 0.0 0.0 0.0 & s ]
480.0 185.0 0.0 185.0[ | & & 5103
485.0 244.0 0.0 264.0(=| 2 4507
430.0 290.0 0.0 290.0 TTTTTTT
485.0 330.0 0.0 330.00 a 50,800
500.0 366.0 0.0 366.0 Flow
505.0 399.0 0.0 399.0 {cfa)
_ 510.0 429.0 0.0 429.0
1 515.0 457.0 0.0 457.0
520.0 483.0 0.0 453.0
I 525.0 508.0 0.0 5098.0
530.0 532.0 0.0 532.0
536.0 560.0 0.0 560.0| _
l [ Ok ] [ Cancel Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Quabbin Windsor

Figure 5 shows the monthly evaporation factors that were accounted for Quabbin Windsor, due to the

large size of the reservoir.

Reservoir Edit Evaporation

(= = o h
i S e

Resemnvoir [Quabbin Winsor

,] Description ‘

Physical | Operations | Obsenved Datal

) [w][«] 640f 73| ](m]

419

A %’?bi:‘ Winsor Quabbin Winsor-Pool-Evaporation
00
SR @ Monthly Total Evaporation
=-S5 Dam 5
-9 Bypass to Swift River it Evap(in)
: Q Spillway Jan 0.00 ]
- Auxillary Spillway :eh 0.00/ R
Mar 0.10 124
Apr 030 E T4
May 140 2087
Jun 170| @ g4
Jul 1.60 b
Aug 120 0.0 L
Sep 110 Jan May Sep Jan
Oct 0.50
Nov 0.30
Dec 0.00
(") Evaporation Time Series
[ OK ] [ Cancel ] [ Apply




Quabbin Windsor

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Quabbin’s
“ExistingOps” operational zones, which consist of zones of, Flood Control (556 ft), Conservation (536.05
ft), Min Water Supply Intake (434 ft), and Inactive zone (380 ft)".

f - ™
m Reservoir Editor _aa—— . S M

Reservoir Edit Operations Zone Rule IF_Block

Resenoir | Quabbin Winsor ~ | Description 0| [W](a] 65 of 74 ] [(m)

Physical| Operations | Dbserved Data

Operation Set jExisting Ops vj Description |War Department memas from the 1920°s give a 1-June-thraugh-30-Novembe[.J:

Zone-Rules | I | |

¥ Flood Cantrol

w [l Minimum flow to Swift River

= JConsenvation Function of |p [efne.. |
] ate

[#-{ } Maintain Navigation on Connecticut River at Montague

™ I\lin Water Supply Intake =

I & Inactive Date Top Elevation (ft)

Storage Zone Conservation Description [J

01Jan 536.05| « 560
540

520
a00
480
460
440+
420
400+
380
360 | B B

Jan Mar May Jul Sep Mov

Elevation {f)

l Zone Sort Elevation
4 1 | »

| ok || cancel Apply

\—— x = — =
Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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Quabbin Windsor

B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops'. Quabbin, the largest reservoir in the basin and one of the major water supply sources for
the City of Boston, had its water withdrawals estimated from a combination of monthly pool levels and
annual water supply volumes from 2006 to 2009, provided by the Massachusetts Water Resources
Authority’s (MWRA) website and the Massachusetts Department of Environmental Protection (MADEP),
which showed the pool is allowed to fluctuate seasonally. Gauged records of discharges from Quabbin
and SYE flows gave some indication of the total volume that was diverted from the reservoir for water
supply. These different facets were used to crudely estimate a withdrawal time series for the model
period of record. The main goal was to remove a significant percentage of the total volume released
from Quabbin into the Swift River. It is worth noting that in the mid 1980s, significant reductions in
water supply demand as well as fixes to the system such as repairing leaking pipes began to be
implemented that reduced the withdrawals from Quabbin. This is reflected in the water supply time

series for Quabbin.

:'i Reservoir Editor - ——

Reservoir Edit Operations Zone Rule IF Block

Resenoir | quabbin Winsor + | Description

Bhysical| Sperations | Opserved Data

Operation Set :Existing Ops v: De

Zone-Rules | | | |

# Flood Control
L[l Minimum flow to Swift River
-
=-{ } Maintain Mavigation on Connecticut River at Montague
= = |F (Jun thru Nov)
=-{ } Connecticut River flow <4650 cfs

= IF (Flow < 4650)
. [ Release min 110 cfs
EI* ELSE IF (Flow = 4900 cfs)
- [H Release min 70 cfs
Er-b ELSE (Flow =4800 cfs)
‘[l Minimum flow to Swift River
== ELSE (Rest of year)

‘[l Minimum Release
o Win Water Supply Intake

o [nactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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Quabbin Windsor

C. Rule Descriptions

1. Minimum flow to Swift River

Figure 7 shows the content of “Minimum flow to Swift River” rule. This rule shows a minimum

flow from dam to swift river.

Operation Set | Existing Ops

Description |War Department memos from the 1920°s give a 1-June-through-30-Novembe[):

Zone-Rules | |

¥ Flood Control
M Conservation

# Min Water Supply Intake
M [nactive

B R Minimum flow to Swift River

1]

L1

---{} Maintain Mavigation on Connecticut River at Montague

| »

Operates Release From: Quabbin Winsaor-Dam

Rule Name: \jinimum flow to Swift River| Description:

Function of. |pate

Limit Type: |Speci.. - | Interp. [Li..

]

-

100

Date Release (cfs) z b
01Jan 30.0] « E o
31May 300/ 2 ]
01Jun 94.0 N N S —
30Jun 940 dJan Mar  Way  aul S=p Haw
01Jul 30.0
31Dec 30.0/7| [C]Period Average Limit

[] Hour of Day Multiplier
[7] Day of Week Multiplier
[7] Rising/Falling Gondition

Seasonal Variation Edit...

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Minimum flow to Swift River
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Quabbin Windsor

2. Maintain Navigation on Connecticut River at Montague
Figure 8 shows the content of “Maintain Navigation on Connecticut River at Montague” rule.
This rule shows a minimum release from dam as a function of Inflow during Jun-Nov.

Operation Set jExisting Ops vj Description |War Department memaos from the 1920°s give a 1—June—through—3D—N0vembe[:]
Zone-Rules | | |
wh Flood Control Operates Release From: Quabbin Winsor-Dam
- [l Minimum flow to Swift River
# Conservation IF Conditional | jun thru Nov Description:

IE]

é---{} Maintain Mavigation on Connecticut River at Montague Add Cond
L AIF (Jun thru Mov) Walue Value2 -

=-{ } Connecticut River flow <4650 cfs Current Time Step - 01Jun ——
- |F (Flow < 4650) AMD Current Time Step == 30MNov : :
: B Release min 110 cfs

== ELSE IF (Flow < 4900 cfs)

[ Release min 70 cfs -
i ] u]
= = ELSE (Flow 4900 cfs) AL
P [E Minimum flow to Swift River m
= = ELSE (Rest of year)

“[@ Minimum Release Evaluate

A Min Water Supply Intake
o (nactive Logical Operator:

Value 1 | constant

Ope...

a — |+ ||| V&lue 2 | Constant
Operation Set :Existing Ops v: Description | \War Department memaos from the 1920°s give a 1-June-through-30-Novembel.
Zone-Rules | | | | |
#h Flood Control Operates Release From: Quabbin Winsor-Dam

-[l Minimum flow to Swift River
™ Conservation MName: cticut River flow <4650 ofs | Description: =
=-{ } Maintain Navigation on Connecticut River at Montague

E = |F (Jun thru Mov) Type Mame Description

BB Connecticut River flow <4850 cfs IF Flow < 4650
= 'F IF (Flow < 4650) ELSEIF  |Flow = 4900 cfs
------ [E Release min 110 cfs ELSE Flow =4900 cfs

=8 -b ELSE IF (Flow < 4900 cfs)

. ~IB Release min 70 cfs

= -b ELSE (Flow =4900 cfs)

------ [E Minimum flow to Swift River
Er = ELSE (Rest of year)
[l Minimum Release

o 1in Water Supply Intake
o [nactive

Ll I | ¥
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Quabbin Windsor

Operation Set :Existing Ops v: Description |War Department memos fram the 1920°s give a 1—June—through—SD—Novembs[:]

Zone-Rules | | |

™ Flood Control

- Operates Release From: Quabbin Winsor-Dam
“[Il Minimum flow to Swift River

o Conservation IF Conditional | Flow = 4550 Description:
=-{ } Maintain Navigation on Connecticut River at Montague ——
= |F (Jun thru Nov) Walue WValue2 -

=-{ } Connecticut River flow <4650 cfs | Connecticut at Montague:Flow | = | 4650

R Del. Cond.

- [l Release min 110 cfs

£ = ELSE IF (Flow < 4900 cfs)
B Release min 70 cfs
& = ELSE (Flow >4900 cfs) Move Up
; [l Minimum flow to Swift River Maove Down
= = ELSE (Rest of year)

[l Minimum Release
¥ 1in Water Supply Intake
M [nactive Logical Operator:

e L

Evaluate

Value 1 | constant

Ope...
7 — s Value 2 | Constant
Operation Set :Existing Ops v: Description |War Department memaos from the 1920°s give a ‘I—June—through—3D—N0vembs[:
Zone-Rules | | | | |

B Flood Control

[l Minimum flow to Swift River . -
i Conservation Rule Name: |Release min 110 cfs Description:

é---{_} Maintain Navigation on Connecticut River at Montague

[
= IF (Jun thru Nov) Function of: |Date

=-{ } Connecticut River flow <4650 cfs

Operates Release From: Quabbin Winsar-Diam

1100

: Limit Type: |[Mini.. | Interp. [Li. «|

- IF (Flow < 4650) YPe. | Mini... | P L. | .
I —JRelease min 110 ofs s
&= ELSE IF (Flow < 4900 cfs) iTe Release (cfs)

[E Release min 70 cfs 01Jan 110.0| =

Rakza (o]

=-w ELSE (Flow 4300 cfs) :xz_
“[@ Minimum flow to Swift River — T
== ELSE (Rest of year) dan Mar Mz dul o San Hae
‘@ Minimum Release _ o
M Win Water Supply Intake [T Period Average Limit
o [nactive

"] Hour of Day Multiplier
7] Day of Week Multiplier
"] Rising/Falling Condition

i Seasonal Variation
4 i | *
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Quabbin Windsor

Operation Set :Exisﬂng Ops

v: Description War Department memas from the 1920°s give a 1—June—through—30—N0vembs[:]s

Zone-Rules |

A Flood Control

Operates Release From: Quabbin Winsor-Dam

[l Minimum flow to Swift River

#& Conservation ELSE IF Conditional |Flow = 4900 cfs Description: &l
B---{:} Maintain Mavigation on Connecticut River at Montague
= = |F (Jun thru Nov) Valued Value2 :

&=-{ } Connecicut River flow <4650 cfs Connecticut at Montague:Flow | == 4650
= |F (Flow < 4650) AND | Connecticut at Montague Flow | = 4900

-l Release min 110 cfs
R ELSE IF (Flow <4300 cfs)]
¢ ~[@ Release min 70 cfs
EI* ELSE (Flow =4900 cfs)

Evaluate

e W Minimum flow to Swift River
- ELSE (Rest of year)

[l Minimum Release
# Min Water Supply Intake

o™ [nactive Logical Operator:
Value 1| constant
Ope...
< o | Value 2 | constant
Operation Set :Exisﬂng Ops v: Description 'War Department memaos from the 1920°s give a 1—June—through—3U—N0vembsE]E
Zone-Rules | | | | |

@ Flood Control
[l Minimum flow to Swift River
#n Conservation
=-{ } Waintain Navigation on Connecticut River at Montague
=+ IF (Jun thru Nov)
¢ =-{} Connecticut River flow <4650 cfs
- |F (Flow < 4650)

Operates Release From: Quabbin Winsor-Dam
Rule Mame: Release min 70 cfs Description:

Function of: Diate

8]

Limit Type: |Mini.. = Interp. [Li. «

[l Release min 110 cfs Ha]

= CLSE IF (Flow < 4900 cfs) 28 TR (S 5

= RRelease min 70 cfs 01Jan 700| .| § e

Ei- b ELSE (Flow =4900 cfs) 2 8]

i W Minimum flow to Swift River @2 A e
== ELSE (Rest of year) R

------ [E Minimum Release
o Iin Water Supply Intake

7] Period Average Limit

o [nactive ["] Hour of Day Multiplier
7] Day of Week Multiplier
["] Rising/Falling Condition
it Seasonal Variation
4 L I
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Quabbin Windsor

Operation Set :Existing Ops

-

Description 'War Department memaos from the 1920°s give a 1—June—through—SD—Nouembe[:]

Zone-Rules | | |

™ Flood Control
[ Minimum flow to Swift River
# Conservation

== |F (Jun thru Nov)
¢ =} connecticut River flow <4650 cfs
== |F (Flow = 4650)
.~ Release min 110 cfs
- mb ELSE IF (Flow < 4900 cfs)
C-l Release min 70 c:fs
B "*
: [l Minimum flow to Swm River
=- -P ELSE (Rest of year)
[l Minimum Release
o 1in Water Supply Intake
#m [nactive

=-{ } Maintain Navigation on Connecticut River at Montague

Operates Release From: Quabbin Winsor-Dam

ELSE Conditional |Flow =4900 cfs Description: =)

4 | m

| »

Operation Set :Existing Ops

-

Description |War Department memaos from the 1920°s give a 1—June—through—3U—N0vembsD5

Zone-Rules | | |

a Flood Control
------ B Minimum flow to Swift River
# Conservation

== IF (Jun thru Nov)
i =-{} Connecticut River flow <4650 cfs
== IF (Flow < 4850)
¢ [l Release min 110 cfs
. mb ELSE IF (Flow = 4900 cfs)
¢ [l Release min 70 cfs
& -b ELSE (Flow =400 cfs}
-
E} -P ELSE (Rest of year)
[l Minimum Release
o Lin WaterSuppIy Intake
M [nactive

=-{ } Maintain Navigation on Connecticut River at Montague

4 L1

Operates Release From: Quabbin Winsor-Diam
Rule Name: \finimum flow to Swift River| Description: )
Function of | Date
Limit Type: Speci.. v Interp.: Li.. = -
Date Release (cfs) z o7
01Jan 30,0/ - E o
J1May 300 & 7
01Jun 94.0 » N IS S E—
a0Jun g4.0 Jan Mar May  Jqul S=p Hav
01Jul 300
MMDec 30.0(° [] Period Average Limit
[] Hour of Day Multiplier
| [C] Day of Week Multiplier
[ Rising/Falling Condition
i Seasonal Variation Edit...
|+
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Quabbin Windsor

Operation Set jExisting Ops vi Description 'War Department memaos from the 1820°s give a ‘I—June—through—3D—N0uembe[:]
Zone-Rules | | |
wh Flood Control Operates Release From: Quabbin Winsor-Dam
[l Minimum flow to Swift River
@™ Conservation ELSE Conditional |Raest of year Description: [:]

=-{ } Maintain Navigation on Connecticut River at Montague
=" IF (Jun thru Nov)
=-{ } Connecticut River flow <4650 cfs
== IF (Flow < 4650}
. [@ Release min 110 cfs
= E| SE IF (Flow = 4900 cfs)
- [H Release min 70 cfs
B * ELSE (Flow =4800 cfs)
= | Mlnlmum flow to Swift River
& 'P
- [l I'u1|n|mum Release
o Min Water Supply Intake

™ [nactive
i [ | »
Operation Set :Existing Ops v: Description War Department memaos from the 1920's give a 1—June—through—SD—NovembeD
Zone-Rules | | | | |
" Flood Control Operates Release From: Quabbin Winsor
------ [E Minimum flow to Swift River . o
ﬂ Conservation Rule Mame: Minimum Release Description: E]

=-{ } Maintain Navigation on Connecticut River at Montague )
= IF (Jun thru Nov) Function of. | Date
=-f } Connecticut River flow <4650 cfs

Limit Type: |Mini. - | Interp: [Li |

= IF (Flow < 4550)
i [l Release min 110 cfs el
= ELSE IF (Flow = 4900 cis) Date Release (cfs) % o
¢ -[@ Release min 70 cfs 01Jan 30.0) - § =7
= * ELSE (Flow =4900 cfs) & a7
[l Minimum flow to Swift River e T T T

dan Mar May Jul S2p Haw

EI -D ELSE (Rest ofyear)

------ [~ ¥Minimum Release

# [Min Water Supply Intake
wh [nactive [7] Hour of Day Multiplier

[7] Period Average Limit

[7] Day of Week Multiplier

[ Rising/Falling Condition

Seasonal Variation Edit...

=

i | I | »

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Maintain Navigation at Connecticut
River at Montague
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Rainbow

Rainbow

l. Overview

Rainbow Dam is located in the town of Rainbow, CT on the Farmington River. It is owned and operated
by the Farmington River Power Company and is used for hydropower generation.

Figure 1 shows the location of Rainbow Dam as it is represented in the HEC-ResSim model. Figure 2
shows the photo of Rainbow Dam.

Rainbow

\ O Ainbow_In

Diversion

e

(@) Connedticutat Mouth

Figure 1: HEC-ResSim Map Display Showing Location of Rainbow
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Rainbow

Figure 2: Photo of Rainbow Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3¥. The dam consists of
three types of outlets: (1) controlled sluice gates, (2) controlled spillway, and (3) power plant as shown
in Figure 4.

® Data provided by UMASS
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Rainbow

Reservoir Editor

Reservoir Edit Pool

Resenvoir Description [;]| Em q 0f74|[ﬂ@

Physical | gperations | Obseved Data
A Rainbow Rainbow-Poal
' Pool
@ LinearInterpolation () Coniclnterpolation  Initial Conic Depth (ft) l:l
@ Sluice Gates
?“err”al:gr Elevation Storage Area
i (ft) (ac-ft) {acre)
80.00 100000.00
126.40 104800.00
144.00 109400.00 140
g 120:
% 100
& 4
&0
TTTTTTTTT
100,000104,000 108,000
Stor (ac-ft)
140
€ 120
Z 100
z 4
&0
T T T T TT
0 200 400 600 &S00
Area (acre)
H Cancel ]| Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

Reservoir Edit Dam

Reser\«'oir Description| [;]| Em 1 gf'{4|m@

Bhysical | Operations | Observed Data‘
A Rainbow Rainbow-Dam
Elevation attopofdam{ﬂ]| 144_g|
Length attop of dam (ft) | 4UU_U|
- Tailwater
@ Spillway Composite Release Capacity
Elevation Controlled | Uncontroll... Total

(ft) (cfs) (cfs) (cfs) 140

82.1 5,000.0 0.0 5,000.0~| 5 4o

100.0 5,537.0 0.0 5,537.0[ || ® ng:

126.4 6,329.0 0.0 6,329.0 i i

132.4 6,539.0 0.0 6,539.0 S0TT T T
133.1] 10,921.9 0.0] 10,921.9 0 80,000
134.0| 16,530.0 0.0/ 16,530.0 Flary
134.4| 26,530.0 0.0[ 26,530.0 (cfs)
138.0| 49,030.0 0.0| 49,030.0|=

138.4| 68,030.0 0.0/ 68,030.0

143.0| 111,030.0 0.0[ 111,030.0

144.0| 128,030.0 0.0| 129,030.0

i
OK H Cancel ]| Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Rainbow

lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Raibow’s
“Existing Ops” operational zones, which consist of zones of Top of dam (144 ft), Conservation (132.4 ft),
and Inactive zone (86 ft).

P 3 ™
ST S s B S =

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir :Rainhow .,: Description ) (W[« 1 Uf74|@@

| | Bhysical | Operations | Observed Data

Operation Set :Exisﬂng[}ps v: Description [:]
' Zone-Rules | Rel_mloc_l Dutages | Stor. Credit | Dec. Sched. | Rrojected Eley
™ Top of Dam - .
: Conservation
..l Min Flow Storage Zone Description )
* JConservation] Function of [ Defne... |
: Date
[l Min Flow
[l Release=95%Inflow :
& Inactive Date Top Elevation (ft) 150
| 01Jan 1324| »
140
1307
£ 120
5
w110
Y
o 100
90
an T T T T T
Jan Mar May  Jul Sep MNowv
Zone Sort Elevation
4 UL I

OK l [ Cancel Apply

—

Figure 5: Reservoir Editor: Operations Tab — Existing Ops OpSet
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Rainbow

B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops.

r n Reservoir Edl'torl ‘- t

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

Reservoir Edit Operations Zone Rule I

Resenoir Rainbow |

Physical | Qperations | Observed Data

Ciperation Set :Existing Ops

Zone-Rules | Rel.mlnc.l |

|# Top of Dam

[l Min Flow
“Yconservation

[l Min Flow

[l Release=95%Inflow
|.|- Inactive
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Rainbow

C. Rule Descriptions

1. Min Flow

Figure 7 shows the content of “Min flow” rule. This rule represents the minimum release from

Dam as a function of date.

' E - -
Mmoo NI @ %
. il

==

L
Reservoir Edit Operations Zone Rule IF_Block
Resenvoir [Rainhow ,] Description | [:]| (][] 1 0f74|@@
Physical | Operations | Observed Data
Operation Set [E:u'stingOps v] Description | E]|
Zone-Rules | Rel. Alloc. | Dutages |St-3r. Credit | Dec. Sched. |Fr-3,e=:te-: Eley
wh Top of Dam Operates Release From: Rainbow-Dam
i E Rule M . - n] iption:
B Conservation ule Mame: |M|n Flow | escription: | E]|
(@ Min Flow R
[l Release=95%Inflow unctian ot |Date | Define...
i inecies LimiTpe: e
| 240
Date Release (cfs) = EDD:
01Jan 1210/« & 7
01Apr 231.0 & 1604
I 01dul 121.0 B
15Sep 231.0 & 120
16MNov 121.0 T T T T T

[ Pe
[ Ho

[7] Day of Week Multiplier

[ Rising/Falling Condition

Se

Jan Mar wMay Jul Sep MNov
riod Average Limit

ur of Day Multiplier

asonal Variation

[

OK

|| cancel Apply

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow
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Rainbow

2. Release=95%Inflow

Figure 8 shows the content of “Release=95%Inflow” rule. This rule represents the minimum release from
Rainbow as a function of inflow as per the run-of-river modeling strategy.

' » - -— ™
i e =

Reservoir Edit Operations Zone Rule IF_Block

Reservair jRainbow .i Description IR 10f74|@@

Physical | Operations | Observed Data

Operation Set :ExisﬂngC)ps v: Description [:]
Zone-Rules | Rel. Alloc., | Outages | Stor Credit | Dec.Sched. | Projected Eley
wh Top of Dam Operates Release From: Rainbow
[l Min Flow _ L
| # Conservation Rule Name: Release=05%Inflow Description: ]
[ Min Flow )
I~ JRelease=95%Inflow Function of | Rainbow-Pool Inflow, Current Value
o [nactive Limit Type: |Minimum  «| Interp. [Linear |
I . 90,0003
Flow (cfs) Release (cfs) ..g ]
| 0.0 00|+ 3 ©°00003
100000.0 a5000.0 § 30,0004
@ 0 LI I T
i] 50,000 100,000
Flowe {cfs)
[7] Period Average Limit
["] Hour of Day Multiplier
[7] Day of Week Multiplier
[] Rising/Falling Condition
[7] seasonal Variation
[ QK ] [ Cancel ] Apply

Figure 8 Reservoir Editor: Operations Tab — Existing Ops OpSet — Release=95%Inflow
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Red Bridge

l. Overview

Red Bridge dam is located in the towns of Wilbraham and Ludlow, MA on the Chicopee River. It is
owned and operated by Essential Power LLC and is operated as run-of-river hydropower generating

facility.

Figure 1 shows the location of Red Bridge dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Red Bridge dam.

Red Bridge

‘Red Bridge_In

- -

i)
(@) T onnecticut at Wguth
h

Figure 1: HEC-ResSim Map Display Showing Location of Red Bridge Dam
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Red Bridge

Figure 2: Photo of Red Bridge dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3*'. The dam consists of
two types of outlets: (1) uncontrolled outlet and (3) power plant as shown in Figure 4 “*?. The capacity
of the power plant was made to be the maximum release specified in the NID database so that the dam
would modeled completely as run-of-river with some actual physical information

& National Inventory of Dams database (NID)

82 http://www.lowimpacthydro.org/lihi-certificate-96-red-bridge-project-ma.html
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p
n Reservoir Editor

]

Reservoir Edit Pool

Resenvoir :Red Bridge

+ | Description

] [1][a] 56 o 74 ](m]

Bhysical |Qperaﬁons Observed Data

/A Red Bridge Red Bridge-Pool
Linear Interpolation () Conic Interpolation  Initial Conic Depth (f)
Fower Plant
_____ Q &;ﬂ:‘;ﬂt:; Outlet Elevation Storage Area
(ft) (ac-ft) (acre)
234.80 100000.00
285.80 103800.00
280
€ 2604
E 260_
& 240
T T T T 1T
100,000 102,000 104,000
Star {ac-t)
280+
e 4
= 260+
R |
& 240
TT T T TTTT
0 10 20 30 40
Area {acre)
’ OK ” Cancel Apply

Figure 3: Reservoir Editor: Physical Tab — Pool

p
K71 Reservoir Editor

S

Reservoir Edit Dam

Resenvoir :Red Bridge

- | Description

| (][] 66 of 74 ][ m]

Physical |Qperaﬁons Observed Data

Red Bridge-Dam

Elevation at top of dam (ft) 285.8
Length at top of dam (ft) 827.0

Composite Release Capacity

Elevation | Controlled | Uncontroll... Total

™ @) | @ | 0 L
234.8| 56,500.0 0.0] 56,500.0) | 5 g

272.3| 56,500.0 0.0| s6,500.0 | § & 2807 ’/
273.7| 56,5000 1,552.9| 58,052.9| | 2 240

275.0] 56,500.0] 4,392.2| 60,892.2 L
276.4| 56,500.0| ©,069.0| &4,569.0 0 80,000
277.7| 56,500.0] 12,423.0| 68,923.0 Flow

279.0( 56,500.0( 17,361.6| 73,861.6
280.4| 56,500.0( 22,822.5| 79,322.5
281.8| 56,500.0( 28,759.& 85,259.6
283.1| 56,500.0( 35,137.5| 91,637.5
284.4| 56,500.0( 41,927.6| 98,427.6 I
285.8| 56,500.0( 49,106.1|105,606.1

(cfs)

m

[ OK ] I Cancel Apply

L. -

Figure 4: Reservoir Editor: Physical Tab -- Dam

437
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Red Bridge’s
“Guide Curve” operational zones, which consist of Top of Dam (285.8 ft), Conservation (271.3 ft), and
Inactive zone (235.8 ft).

( - ™
:I Reservoir Editor [&J

Reservoir Edit Operations Zone Rule IF_Block

Resenoir :Red Bridge v: Description = E@ R of 74 @@
-Ehysical Qperations | Observed Data

Cperation Set :Guide Curve v: Description [:]
Zone-Rules | | | I
s Top of Dam - -
Conservation
‘ Storage Zone Description [:]
wh [nactive Function of | pate
Date Top Elevation (ft)
01Jan 2713 « 280
280+
= 270
S 260
[
o 250
L
240+
230 T T T T T ]
Jan Mar Wlay Jul Sep MNow
Zone Sort Elevation

| ok || cancel Apply

L= - A

Figure 5: Reservoir Editor: Operations Tab —Guide Curve OpSet — Guide Curve

B. Rule lllustrations

The operation set for Red Bridge has no rules of operation making it a flow through reservoir. The pool
elevation will remain at the top of conservation unless the inflow exceeds the total release capacity. This
was modeled this way because no real operation information was found.
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Searsburg

l. Overview

Searsburg dam is located on the Deerfield River upstream of Harriman. It is owned and operated by
TransCanada Hydro Northeast Inc. for hydropower generation on a peaking, seasonal storage basis.

Figure 1 shows the location of Searsburg Dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo from Searsburg Dam.

i .
; Woeccond Connecticut Lake_Infl

g ] 115 _Flobdplaint

R 1 usselk

cticu Upper Ammaonoosuc

Deerfield+EE Deerfield

/4

Searsburg_In

earsburg_Out

NQDLF

(it Lake

el
CO Conant Brook_In

! S e

e, ng
(@ S onnectivut-at-Month = =

Figure 1: HEC-ResSim Map Display Showing Location of Searsburg dam
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:;

Figure 2: Photo of Searsburg Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3%. The dam consists of
five types of outlets: (1) controlled sluice, (2) controlled waste gate, (3) uncontrolled spillway over 5ft
flashboards, (4) spillway over clear crest, and (5) power plant as shown in Figure 4.

® Data provided by TransCanada
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ra ™
R Reservor biaog e e
Reservoir Edit Pool
Resenoir [Searshurg v] Description [:]| (][] 38 0f74|m@
Physical |Qperaﬁons Observed Da.ta|
I‘: Searsburg Searsburg-Pool |
- Xl
& U Dam @ Linear Interpolation () Conic Interpolation  Initial Conic Depth (ft) |
4 Tailwater
: :ﬁ:‘;‘:;r Plant Elevation Storage Area
‘ waste gate (ft) (ac-t) (acre)
-Q spillway over 5 ftflashboa 1731 66 100000.00 i l
-ﬂ» spillway over clear crest 173176 10000074
173186 100001.49 !
1731.96 100002 23 -
173206 10000298
173216 100003.72 mi|
173226 100004 .46
173236 100005.21
1732 46 100005.95 1,760
1732 56 100006.69 b
1732 66 100007 44 = 1,750
173276 100008.26 = B
1732.86 100009.09 o 17407
173296 100009.92 ] ?30_
1733.06 10001074 0 [N
173316 100011.57 100,200 100,500
173326 100012.40 Stor (ac-)
173336 10001322 1,760
1733 .46 100014.05 —
173356 100014.38 ~ 1,780
173366 100015.70 % b
1733.76 100016.61 E 1,740
173386 100017 52 B
1733.96 100018.43 LT LU o S A
1734.06 100019.24 BO0 1,200 1,800
173416 10002025 Area (acre)
1734 26 100021.16
1734 36 100022.07
1734 46 100022 98
1734 56 100023.88
1734 66 100024.79
173476 100025.79
1734 86 100026.79
1734 96 100027.79
1735.06 100028.79
< n r 173516 100029.79 hd
OK l ’ Cancel l | Apply
- U e e

Figure 3: Reservoir Editor: Physical Tab -- Pool
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ra ™
R Reservor biaog e e
Reservoir Edit Dam
Resenoir [Searshurg v] Description [:]| (][] 38 0f74|m@
Physical | Operations | Observed Da.ta|
|2 Searsburg Searsburg-Dam 1
Poal
E""v. Elevation attop of dam (ﬂ)| 1734_56|
-4 Tailwater
@ Power Plant Length attop of dam () | 475.0|
-4 sluice
‘ waste gate Compaosite Release Capacity
-Q spillway over 5 ftflashboa l
‘, spillway over clear crest Elevation Controlled Uncontrolled Total
(m) (cfs) (cfs) (cfs) 780
1,731.7 287.0 0.0 287.0| | S ' —’J
1,731.9 329.5 0.0 329.5) || & g 17607
1,732.1 372.0 0.0 372.0 = ﬁ 1,740
1,732.3 414.5 0.0 414.5 TTTTTTTTT
1,732.5 457.0 0.0 457_0|_J 0 12,000
1,732.7 499.5 0.0 489.5 F oy
1,732.9 542.0 0.0 542.0 (cfs)
1,733.1 584.5 0.0 584.5
1,733.3 627.0 0.0 627.0
1,733.5 669.5 0.0 669.5
1,733.7 712.0 0.0 712.0
1,733.9 754.5 0.0 754.5
1,734.1 797.0 0.0 787.0
1,734.3 839.5 0.0 §39.5
1,734.5 8g82.0 0.0 §82.0
1,734.7 924.5 0.0 924.5
1,734.9 967.0 0.0 967.0
1,735.1 1,009.5 0.0 1,009.5
1,735.3 1,052.0 0.0 1,052.0
1,735.5 1,004.5 0.0 1,004.5
1,735.7 1,137.0 0.0 1,137.0
1,735.9 1,179.5 0.0 1,179.5
1,736.1 1,222.0 0.0 1,222.0
1,736.3 1,264.5 0.0 1,264.5
1,736.5 1,307.0 0.0 1,307.0
1,736.7 1,349.5 0.0 1,349.5
1,736.9 1,392.0 0.0 1,392.0
1,737.1 1,434.5 0.0 1,434.5
1,737.3 1,477.0 0.0 1,477.0
1,737.5 1,519.5 0.0 1,519.5
1,737.7 1,562.0 0.0 1,562.0
1,737.9 1,604.5 0.0 1,604.5| 7
‘ i r
OK l ’ Cancel l | Apply
- U e e

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Searsburg’s
“ExistingOps” operational zones, which consist of zones of Top of dam (1784.66 ft), conservation
(1754.66 ft), Min Pool (1743.66-1746.66 ft), Buffer Inactive (1720 ft), and Inactive zone (1704.6 ft)'.

r ™y
K7 Reservoir Editor — R—— . —— — Lﬂ
Reservoir Edit Operations Zone Rule IF_Block
Resenoir iSearsburg .j Description = E@ 38 of 74 @@
Physical | Operations | Observed Data
Operation Set | ExistingOps ~ | Description o
Zone-Rules | Re|_,q,||gc_| |
o Top of dam - .
: conservation
“.-[f Wax Power Plant First Storage Zone Description E]
.| removl offlashboards inwinter || Function of [pate
-
[l Max CC :
[l Minimum Flow Bypass Date Top Elevation {ft) (55T
[]---{] smelt spawning 01Jan 1754 66| - 1‘?80_
- } peaking power_Searsburg_72 1I?TD-
--[l remaval of flashboards in winter —
& Win Pool g 17
[l Max CC g WSh——
[l Minimum Flow Bypass E 17407
#-{ } smelt spawning & 41,7307
--[l removal of flashboards in winter 1,720
oM Buffer Inactive 1,710
o [nactive 1,700 [ T T T
- Jan har May Jul Sep Moy
Zone Sort Elevation
’ OK ] [ Cancel Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve

Figure 6 shows a sequential release allocation approach specified for available outlets along Harriman
Dam. The available outlets are given an order of priority for release. The power plant gets the release
first until it reaches release capacity. The sluice gets the remainder of the release until it reaches
capacity. After the capacity through the sluice is reached, the remainder of the release goes through the
waste gate and the rest is passing through the spillway over the clear crest.
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ﬁ Reservoir Editor

Reservoir Edit Operations

Resenoir :Searsburg v: Description

Physical| Qperations | Observed Data

Operation Set :Existingﬂps -

Description

| ZoneRules| Rel. Alloc. | Ouiages | Sior Cred

Felease Allocation Strategy

ﬂ_'-. Searsburg - Balanced
=
Q} Searsburg-Power Plant
<> Searsburg-sluice
Q} Searsburg-waste gate
Q} Searsburg-spillway over clear crest

Release Location: Searsburg-Dam

Allocation Type: | Sequential

Searsburg-Power Plant
Searsburg-sluice

Searsburg-waste gate
Searsburg-spillway over clear crest

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation
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B. Rule lllustrations

Figure 7 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops (TransCanada Corporation).

:i Reservoir Editor

Reservoir Edit Operations Zone Rule IF_Ble

Resenoir | Searsburg ~ | Des

Physical| Operations | Observed Data

Operation Set :ExistingDps

Zone-Rules | Rel Alloc. | |

|.n Top of dam

----- @ Max Power Plant First

----- [ removal of flashboards in winter
L Jconservation|

----- @ MaxCC

----- [ Minimum Flow Bypass

=L} smelt spawning

- w IF (1 April-15 Jun)

PR [B decresing rate of change
== ELSE IF (16 Jun-15 Jul)

[l Max drawdown
=-{} peaking power_Searsburg_Z2
== |F (code=0)
[l Hydropower Release Inflow
|:—}--_Fr ELSE IF (code=1})
“[l 2HrsBen_Z2
== ELSE IF (code=2)

IZ—}--_I'r ELSE IF {code=3)
[l Hydropower Release Inflow
I'_—‘t-l'* ELSE (code=4)

[l Mo power
----- [ removal of flashboards in winter
™ Min Pool
----- @ MaxCC
----- @ Minimum Flow Bypass
=-{ } smelt spawning
Ei-l'r IF (1 April-15 Jun)
- [l decresing rate of change
E}-I* ELSE IF {16 Jun-15 Jul)

o[l Max drawdown

----- [ removal of flashboards in winter
g Buffer Inactive
M [nactive

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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C. Rule Descriptions

1. Max Power Plant First

Figure 8 shows the content of “Max Power Plant First” rule. This rule forces the inflow to pass
through the power plant first until it reaches the maximum plant capacity.

Operation Set jExistingDps vi Description D
Zone-Rules | Rel. Alloc. | |
# Top of dam Operates Release From: Searsburg-Power Plant
[ Rax Power Plant First , o
Rule Mame: Max Power Plant First Description: E]

@ removal of flashboards in winter
@ conservation

----- W Max GG

----- [ Minimum Flow Bypass

- } smelt spawning

-{ } peaking power_Searsburg_Z2
----- @ removal of flashboards in winter
o [Min Pool

----- B MaxCC

----- [E Minimum Flow Bypass

- } smelt spawning

""" @ removal of flashboards in winter
s Buffer Inactive

o [nactive

Function of: |Searsburg-Pool Net Inflow, Current Value

Limit Type: | Minimum

~ | Interp.: | Linear

-

Flow (cfs) Release (cfs)
-1000.0 0.0
0.0 0.0
287.04 287.04
123456.0 287.04

Release (cfs)

300
280
200
140

100

h
=
1

0

T 1
60,000

Flow (cfs)

T 1
120,000

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Power Plant First
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2. Removal of flashboards in winter

Figure 9 shows the content of “removal of flashboards in winter” rule. This rule represents the

releases through spillways when the flashboards are removed in winters.

Operation Set :Existingops

v: Description

Zone-Rules | Rel Alloc | |

o™ Top of dam
[ Max Power Plant First

[~§removal of flashboards in winter

# conservation

----- [E Minimum Flow Bypass

- } smelt spawning

#-{ } peaking power_Searsburg_Z2
----- [ removal of flashboards in winter

----- [E Minimum Flow Bypass

w-{ } smelt spawning

----- [E removal of flashboards in winter
#m Buffer Inactive

w [nactive

Operates Release From: Searsburg-spillway over clear crest

Rule Name: 13| of flashboards in winter | Description:

Function of: | searsburg-Pool Elevation, Current Value

Limit Type: | paximum

= Interp.: :Linear

Elev Release (cfs)
(ft) 01Jan 01May 010ct
1644.0 0.0 0.0 0.0] -
1644.1 22.0 0.0 22.0([
1644.2 46.0 0.0 46.0
16443 74.0 0.0 740
1644.4 104.0 0.0 104.0]
16445 136.0 0.0 136.0
1644.6 172.0 0.0 172.0|
1644.7 214.0 0.0 214.0
1644.8 260.0 0.0 260.0
1644.9 309.0 0.0 309.0
1645.0 363.0 0.0 363.0
1645.1 422.0 0.0 422.0
1645.2 486.0 0.0 486.0
16453 556.0 0.0 556.0
1645.4 703.0 0.0 703.0
16455 703.0 0.0 703.0
16456 781.0 0.0 781.0
1645.7 861.0 0.0 861.0
1645.8 944.0 0.0 944.0
1645.9 1030.0 0.0 1030.0
1646.0 1120.0 0.0 1120.0
1646.1 1220.0 0.0 1220.0
1646.2 1320.0 0.0 1320.0
1646.3 1420.0 0.0 14200
1646.4 1620.0 0.0 1620.0
1646.5 1620.0 0.0 1620.0] ~

Release {cfs)

[C] Period Average Limit
[ Hour of Day Multiplier
[7] Day of Week Multiplier
[C] Rising/Falling Condition
Seasonal Variation

14,000
12,000
10,000
&,000
6,000
4,000
2,000

0

1,644 1,647 1650 1,653

Elev (ft)

Figure 9 Reservoir Editor: Operations Tab — Existing Ops OpSet — removal of flashboards in winter
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3. Max CC

Figure 10 represents the content of “Max CC” rule. This rule limits the channel capacity to 340 cfs.

Operation Set :Existingops v: Description C]
Zone-Rules | Re|_A||oc_| I
i Top of dam Dperates Release From: Searsburg

----- [E Minimum Flow Bypass

=-{ } smelt spawning

=-{ } peaking power_Searsburg_72
----- @ removal of flashboards in winter
 [in Pool

----- @ MaxCC

----- @ Minimum Flow Bypass

#-{ } smelt spawning

----- B removal of flashboards in winter
@ Buffer Inactive

M (nactive

Rule Mame: |pax cc Description: [

Function of: |pate

Limit Type: [ Maximum | Interp: [Linear -

344

Date Release (cfs) 343

01Jan 3400/ -

3424

341 4

340

3384

Release {cfs)

338

3371

336 T T T T T

Jan Mar May Jul Sep Mov

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max CC

4. Minimum Flow Bypass
Figure 11 shows the content of “Minimum Flow Bypass” which shows a seasonal minimum flow as a

function of Inflow.

Operation Set | ExistingOps ~ | Description o
Zone-Rules | Rel. Alloc. | |
o Top of dam Operates Release From: Searsburg

@A conservation

----- [ MaxCC

----- 7]

#--f } smelt spawning

[-{ } peaking power_Searsburg_72
----- [E remaoval of flashboards in winter
o Min Pool

----- [ MaxCC

----- [E Minimum Flow Bypass

-f } smelt spawning

----- [E removal of flashboards in winter
o Buffer Inactive

o [nactive

Rule Name: | pinimum Flow Bypass Description: | Win flow in Tailrace from April to mid May is 175 cfs i

Function of. |Searsburg-Pool Net Inflow, Current Value

LimitType: .Minimum - Interp.: l|_i|"|ear A
= 160
Flow Release (cfs) % 1205
(cf=) | g1Jan | 204pr | 16May | 01Jun | 010ct = 30
0.0 0.0 30.0 0.0 0.0 0.0] % 407
35.0 35.0 60.0 35.0 35.0 35.0 ¢ O0T—T—T—T—T T
55.0 55.0 85.0 55.0 35.0 55.0 0 60,000 120,000
175.0 55.0/ 1750 55.0 35.0 55.0 Flow (ofs)

123456.0 55.0 175.0 55.0 35.0 55.0

[] Period Average Limit
[] Hour of Day Multiplier
7] Day of Week Multiplier
7] Rising/Falling Condition

Seasonal Variation

—

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Minimum Flow Bypass
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5. Smelt Spawning

Figure 12 describes the content of “smelt spawning” rule. Based on this rule during Aprl-Jun 15

maximum rate of elevation change is zero, and during Jun 16-Jul 15 the maximum rate of change is one

ft/hr.

Operation Set ExistingOps

v: Description

Zone-Rules | Rel. Alloc. | |

™ Top of dam

[l Max Power Plant First

B removal of flashbeards in winter
¥ conservation

[l Max CC

@ Minimum Flow Bypass

1) smelt spawning]|

== IF (1 April-15 Jun)

- [l decresing rate of change
= ELSE IF (16 Jun-15 Jul)

------ [E Max drawdown

Operates Release From: Searshurg

Name: | smelt spawning

Description:

Type Mame
IF [1 April-15 Jun

Description

ELSEIF |16 Jun-15 Jul

Operation Set ExistingOps

v: Description

Zone-Rules | Rel.NIoc.l |

# Top of dam

[ Max Power Plant First

-[B removal of flashboards in winter

#& conservation

-l Max CC

-[@ Minimum Flow Bypass

{ } smelt spawning

=R dF (1 April-15 Jun)|

[l decresing rate of change

= ELSE IF (16 Jun-15 Jul)
[l Max drawdown

Operates Release From: Searsburg

IF Conditional |4 April-15 Jun

Description:

Valuel
| Current Time Step

Value2
| == | 01Apr

)

Add Cond.

AND | Current Time Step

| == ] 15Jun

Operation Set | ExistingOps

~ | Description

Zone-Rules | Rel. Alloc. | |

™ Top of dam

[ Max Power Plant First

-[@ removal of flashboards in winter
@ conservation

----- [E Minimum Flow Bypass

=-{ } smelt spawning

== IF (1 April-15 Jun)

- -m

== ELSE IF (16 Jun-15 Jul)
-l Max drawdown

w-f } peaking power_Searsburg_Z2

----- [E removal of flashboards in winter
il [lin Prinl

Operates Release From: Searsburg

Elevation Rate of Change Limit decresing rate of change

Description
Function Of | constant
Type jDecreasing

@ Instantaneous

() Period Average

Max Rate of Change (ft/hr) a.

Del Cond.
L
L

Operation Set | ExistingOps

~ | Description

Zone-Rules | Rel.NIoc.I |

wA Top of dam
[l Max Power Plant First
‘[l removal of flashboards in winter
#h conservation
E Max CC
[l Minimum Flow Bypass
{ } smelt spawning
== |F (1 April-15 Jun)

------ [ decresing rate of change

=R JEL SE IF (16 Jun-15 Jul)

[l Max drawdown

Operates Release From: Searsburg

ELSE IF Conditional |15 Jun-15 Jul

Description:

Value1
| Current Time Step

Value2
| == | 16Jun

&

Add Cond.

AND | Current Time Step

[ =] 15Jul

Del. Cond.
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Operation Set | ExistingOps ~ | Description o
Zone-Rules | Rel_ngc_I |
wh Top of dam Operates Release From: Searsburg
[E Max Power Plant First e S
[l removal of flashboards in winter evation Rate ot Lhange Limit |max drawdown
# conservation Description
----- W MaxCC 8
----- @ wWinimum Flow Bypass Function OF: | Constant
=-{ } smelt spawning L
== |F (1 April-15 Jun) Type Decreasing
- [l decresing rate of change ) ;
== ELSE IF (16 Jun-15 Jul) @ Instantaneous
©) Period A
- } peaking power_Searsburg_Z2 - PerodAverage
----- [ removal of flashboards in winter || Max Rate of Change (f/hr)
e Plir Donnl
Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — Smelt Spawning
6. Peaking power_Searsburg_Z2
This rule represents power strategy applied for Searsburg reservoir. The content of the rule is
shown in Figure 11 as per the peaking hydropower modeling strategy.
Operation Set :ExistingDps v: Description E
Zone-Rules | Rel. Alloc. | |
™ Top of dam - N
@ Max Power Plant First Name: |dng power_Searsburg_72 | Description: U
[l removal of flashboards in winter -
i conservation Type Mame Description
[l Max CC IF code=0
- [@ Minimum Flow Bypass ELSE IF code=1
#-{ } smelt spawning ELSE IF code=2
=ERB Y peaking power_Searsburg_72 ELSEIF  |code=3
ELSE code=4

== IF (code=0)
i (@ Hydropower Release Inflow
- ELSE IF {code=1)
¢ [l 2HrsGen_z2
- ELSE IF (code=2)
¢ W 4HrsGen_z2
- ELSE IF (code=3)
¢ [l Hydropower Release Inflow
- ELSE (code=4)
[l Mo power
- [l removal of flashboards in winter
# \in Pool
[l Max CC
-l Minimum Flow Bypass
#-{ } smelt spawning
[0 removal of flashboards in winter
@™ Buffer Inactive
o Inactive
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Searsburg

Operation Set ExistingOps

-

Description

Zone-Rules | Rel. Alloc. I I

wh Top of dam

[l Max Power Plant First

[E removal of flashboards in winter
@A conservation

----- [ Minimum Flow Bypass
#-f } smelt spawning
=-{ } peaking power_Searsburg_z2
g
- [ Hydropower Release Inflow
= ELSE IF (code=1)
. [l 2HrsGen_z2
= ELSE IF (code=2)
- @ 4HrsGen_z2
= ELSE IF (code=3)
- [ Hydropower Release Inflow
- m ELSE (code=4)
~-[ll No power

IF Conditional | gde=g

Description:

Value1

Value2
| Searsburg_Valume | = |

Add Cond.

Del. Cond.

Move Up
Move Down

Evaluate

Operation Set ExistingOps

-

Description

Zone-Rules | Rel Alloc. | |

™ Top of dam

@ Max Power Plant First

-l removal of flashboards in winter
s conservation

----- @ Minimum Flow Bypass

#-{ } smelt spawning

=-{ } peaking power_Searsburg_z2
- |F (code=0)

i
= ELSE IF (code=1)

W 2HrsGen_72

I-=b ELSE IF (code=2)

[H 4HrsGen_z2

= ELSE IF (code=3)

[E Hydropower Release Inflow
E}* ELSE (code=4)

[l No power

Operates Release From: Searsburg-Power Plant

Rule Name: |ydropower Release Inflow | Description:

Function of: | searsburg-Pool Met Inflow, Current Value

Limit Type: | Minimum

~ | Interp: |Linear

-

Flow (cfs)

Release (cfs)

0.0

0.0

10000.0

10000.0

Define...

ID @ I I|: 3 0

12,000
8,000
4,000

Release (cfs)

{1 e s e e |
0 3,000 000 9,000

Flow (cfa)

[T1 Haur of Dav Multinlier Edit

[] Period Average Limit

Operation Set | ExistingOps

-

Description

Zone-Rules | Rel. Alloc. | |

M Top of dam

-l Max Power Plant First

[@ removal of flashboards in winter
& conservation

---- [ Minimum Flow Bypass
#-f } smelt spawning
=-{} peaking power_Searsburg_z2
- mp |F (code=0)
- ~[@ Hydropower Release Inflow
o
- -[E 2HrsGen_22
- wh ELSE IF (code=2)
- [l 4HrsGen_22
- = ELSE IF (code=3)
[ Hydropower Release Inflow
E}* ELSE (code=4)
[l No power

Operates Release From: Searsburg-Power Plant

ELSE IF Conditional | cgde=1 Description:
Value Value2
| Searsburg_Volume | = | 1

Add Cond.

Del. Cond.

Mave Up
Move Down

Evaluate

I II e @
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Operation Set | ExistingOps

-

Description

Zone-Rules | Rel. Alloc. I |

)

o™ Top of dam
B Max Power Plant First
[l removal of flashboards in winter
A conservation
--[l Max CC
--[@ Minimum Flow Bypass
-f } smelt spawning
=-{ } peaking power_Searsburg_72
== |F (code=0)
- [l Hydropower Release Inflow
== ELSE IF (code=1)
== ELSE IF (code=2)
- [l 4HrsGen_72
== ELSE IF (code=3)
. [l Hydropower Release Inflow
E}* ELSE (code=4)
[l No power
[l remaoval offlashboards in winter
™ Min Pool
[l MaxCC

Operates Release From: Searsburg-Power Plant

Hydropower - Power Guide Curve Rule |aHrsGen_z72

Description:
Zone at Top of Power Poaol

Zone at Bottom of Power Pool | in Poal

_conservation bl

% Power Storage

Plant Factor (%)

0.0

0.0

100.0

8.33

% Power Storage

120
100
80+
[
40
204

0 T
o1

o -

T T T
234
Plant Factor (%

[i=]

L —
6 7 8
)

Operation Set iExistingDps

-

Description

Zone-Rules | Rel. Alloc. | |

& Top of dam

""" [l Minimum Flow Bypass
&-{ } smelt spawning
=-{} peaking power_Searsburg_z2
== |F (code=0)
¢ [l Hydropower Release Inflow
== ELSE IF (code=1)
¢ [l 2HrsGen_72
-
¢ o[l 4HrsGen_2Z2
== ELSE IF (code=3)
¢ [l Hydropower Release Inflow
= = ELSE (code=4)
-l Mo power

Operates Release From: Searsburg-Power Plant

ELSE IF Conditional | cgge=2

Description:

Value1
| Searsburg_Volume |

Value2

Add Cond.

Del. Cond.

Move Up
Maove Down

Evaluate

Operation Set ExistingOps

-

Description

Zone-Rules | Rel. Alloc.| |

0 I IID @

™ Top of dam

[l Max Power Plant First

[@ removal of flashboards in winter

#A conservation

[l Max CC

~[@ Minimum Flow Bypass

E-f } smelt spawning

=-{ } peaking power_Searsburg_72
== IF (code=0)

. [ Hydropower Release Inflow

= ELSE IF (code=1)

. -[H 2HrsGen_z2

== ELSE IF (code=2)

= ELSE IF (code=3)

. ~[@ Hydropower Release Inflow
== ELSE (code=4)

[l No power

[l removal of flashboards in winter
& Min Pool

o[l Max CC

Operates Release From: Searsburg-Fower Plant

Hydropower - Power Guide Curve Rule |4HrsGen_z2

Description:
Zone at Top of Power Pool

Zone at Bottom of Power Pool :I'u'lin Pool

.conservation -

% Power Storage

Plant Factor (%)

0.0

8.33

100.0

16.67

% Power Storage

120
1004
a0+
iy
404
204

1]

T T T T T T 1
8 91011 121314151617

Flant Factor (%)
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Operation Set ExistingOps

v: Description

Zone-Rules | Re|_AJ|oc_| |

o Top of dam

[E Max Power Plant First

B remaoval of flashboards in winter
™ conservation

---- B Minimum Flow Bypass
=-f } smelt spawning
£ } peaking power_Searsburg_Z2
== |F (code=0)
. [H Hydropower Release Inflow
- = ELSE IF (code=1)
- [l 2HrsGen_Z2
= ELSE IF (code=2)
- [l 4HrsGen_72
==
- [l Hydropower Release Inflow
&= ELSE (code=4)
[l Mo power
---- [E removal of flashboards in winter

Operates Release From: Searsburg-Power Plant

ELSE IF Conditional | cgde=3 Description:
Value1 Value2
| Searsburg_Volume | = | 3

Add Cond.

Del. Cond.

Move Up
Maove Down

Evaluate

Operation Set ExistingOps

vi Description

Zone-Rules | Rel. Alloc. | |

o Top of dam

w[H Max Power Plant First

[E removal of flashboards in winter
g% conservation

----- [E Minimum Flow Bypass

#-f } smelt spawning

=-{ } peaking power_Searsburg_72
== |F (code=0)

- [ Hydropower Release Inflow
- ELSE IF {code=1)

- [l 2HrsGen_z2

== ELSE IF (code=2)

- [l 4HrsGen_Z2

== ELSE IF {code=3)

= ELSE (code=4)

Operates Release From: Searsburg-Power Plant

Rule Name: | ydropower Release Inflow | Description:

Function of: | Searsburg-Pool Net Inflow, Current Value

Limit Type: :Minimum v: Imerp.::Linear -:

Define...

ID F I II H 0

12,000
Flow (cfs) Release (cfs) ﬁ 8,000
0.0 0.0)«| & R
10000.0 10000.0 % 4,000+
[ 1] -
o
o [ s

Flovy (cfs)

7] Period Average Limit

0 3,000 6000 9,000

E Mo power [T il musr nf Dimne B allinline C it
Operation Set :ExistingDps v: Description [
Zone-Rules | Re|.N|Qc_I I
# Top of dam Operates Release From: Searsburg-Power Plant

[l Max Power Plant First
-[@ removal of flashboards in winter ELSE Conditional |cpde=4 Description: [

i conservation

-[l Max CC

-[@ Minimum Flow Bypass

#-{ } smelt spawning

=-{ } peaking power_Searsburg_Z2
== |F (code=0)

[l Hydropower Release Inflow
= ELSE IF (code=1)

[l 2HrsGen_Z2

= ELSE IF (code=2)

-[l 4HrsGen_z2

= ELSE IF (code=3)

--[l Hydropower Release Inflow
e

[l No power
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Operation Set jExistingDr.}s

-

j Description

Zone-Rules | Rel. Alloc.| |

)

Top ofdam
@ Max Power Plant First
[@ removal of flashboards in winter
o conservation
-l Max CC
--[@ Minimum Flow Bypass
#-{} smelt spawning
=-{ } peaking power_Searsburg_z2
== |F (code=0)
[l Hydropower Release Inflow
- = ELSE IF (code=1)
¢ o[l 2HrsGen_Z2
- ELSE IF (code=2)
¢ [l 4HrsGen_z2
El- = ELSE IF (code=3)
[l Hydropower Release Inflow
- = ELSE (code=4)
- [l removal of flashboards in winter
& Lin Pool
[l Max CC
-[@ Minimum Flow Bypass
#-{ } smelt spawning

Operates Release From: Searsburg-Power Plant

Hydropower - Power Guide Curve Rule |Ng power

Description:

Zone at Top of Power Poal

_CUHSENﬂtiOI’I

Zone at Bottom of Power Pool | Min Pool

% Power Storage

Plant Factor (%)

0.0

0.0

100.0

0.0

% Power Storage

120
100+
a0+
G0
404
20+
a T T 1 T T 1

0o 02z 04 0B 08 1

Plant Factar (%)

[

Power Generation Pattern...

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — Hydropower_Searsburg_Z2

Figure 14 describes the definition of codes used in the Searsburg_Volume state variable. The code is

summing up the current Inflow and previous storage in each time step, compare it to the volume

needed for generating 2 and 4 hours power and to the spillway storage minus inactive storage and then

decide how much to release.
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n State Variable Editor

o

StateVariable Edit

Name: Searsburg Volume

i | Description:

G| (w](a] s of 7 )

Parameter Name: |code

Initialization | Main | CleanUp

Parameter Type:

Code

= | [C] Always Compu

) TimeSeries

J Model Variab
) State Variabl
L APIs

) Math

/ HecTime

J Metwork

J RunTimeSte
| RunTimeWwir]
| StateVariabl
| TimeSeries 10
, DSs

, DSSFile

I
&

2
z4
25
zZ6

@

# Create & code to track the available water For generatiag power

#The code is summing up the curreat Inflow and prevoius storage in eack timestep,compare it to the volume

needed for

#oenerating 2 and 4 hours power aad to the spillway storage minus inactive storage and then decide kow muck to release.

B

#

Code =0: I+5 »5({spillway storage)-5(inactive storage)

code =1:0< I+5<V({Zhrs.Gen)

code =2: V{Zhrs.Gen)<I+5<Vidhrs.Gen)

code =3 Vidhrs.Gen)<I+5

#outlet capacity=557.4(cfs)

#V(Zhrs . Gen

(Z2*outlet capacity)*0.052

&ract)

#Vidhrs.Gen)=(d*outlet capacity)*0.052=192(acf)

from hec.model import RunTime3tep

Inflow T3=network.getTimeSeries ("Reservoir”, "Searshurg”,

Inflow= Inflow TH.getCurrentWalue [currentRuntimestep)

Inflow_acf=Inflow*1.598

S(spillway storage)-Siingctive storagel=600-372. R6=227.04 (3cE)

"poolr,

Storage_TS = network.getTimeSeries ("Reservolr™, "Jearshurg”,

Srtorage=3torage_T3.getPreviousValue (currentRuntimestep) -100000

Volume=Inflow _acf+(Storage-372.96)

27
28
z
30
3
32
33
34
35
36

)

=

if Volume >= ZZ7.04:

elif O<Volume <=596 :

elif S6<Volume <=192:

elif 192<Volume<227.04:

else:

Code=0

Code=1

Code=2

Code=3

Code=2

37
e

=)

« [Lom |

currentVariable.setWalue (currentRuntimestep, Code)

<

Figure 14: State Variable Editor: Searsburg_Volume
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Second Connecticut Lake

Second Connecticut Lake

l. Overview

Second Connecticut Lake dam is located 8 miles south of the Canadian border on the mainstem
Connecticut River. It is owned and operated by TransCanada Hydro Northeast Inc. as a storage reservoir
to make releases to its downstream hydro facilities.

Figure 1 shows the location of Second Connecticut Dam as it is represented in the HEC-ResSim model,
and Figure 2 shows a photo from Second Connecticut Dam.

!

_- 2100k

Second Gonnecticut Lake_In1
nd Connecticut Lake_In2

eticut Lake
2080k

Second Co

econd Connecticut Lake_Out

tLake_In1
-, o
)

& Jo
TeE-

(@) Conmecticut at Motk i L

Figure 1: HEC-ResSim Map Display Showing Location of Second Connecticut Dam
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Second Connecticut Lake

Figure 2: Photo of Second Connecticut Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3%*. The dam consists of

four types of outlets: (1) controlled Log way, (2) uncontrolled spillway, (3) controlled Fish Pipe, and (4)
controlled Waste way as shown in Figure 4.

# Data provided by TransCanada
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Second Connecticut Lake

-
Reservoir Editor

Reservoir Edit Pool

[SE)

Resenoir | second Connecticut... « DeSCfiDﬁOﬂ|

0] (W) 1307 [w]m)

Ehysical | Operations | Obsenved Data|

A %CO”U Connecticut Lake Second Connecticut Lake-Pool
~OEm
B-?Dam @ LinearInterpolation () Coniclnterpolation  Initial Conic Depth (ft) I:I
Elevation Storage Area
L4 Wasteway (ft) (ac-ft) (acre)
1858.00 0.00 -
1858.10 79.30 7 1,876 7
1858.20 160.70 = 1,872
1858.30 242.00 & 1,868
1858.40 321.30 I = 1,964
1858.50 40250 T 18503
1858.60 484.00 orndl
1886 T TT T TTT 77T
[ 1858.70 563.30 0 8,000 16,000
1858.80 G44.60
1858.90 724.00 Stor (ac-fi
1859.00 805.30 1,876
1859.10 888.60 1,872
| 1659.20 971.90 = 18687
1859.30 1055.20 % 1,854
1859.40 1136.50 w 860:
1859.50 1211.80 1‘856_
1850 60 1303.10 0 PrITrT it
1859.70 1386.40 U130 S S
1859.80 1469.50 Area (acre)
1859.90 1553.10
1860.00 1638.30
12R0 10 1722 A0 i
OK ] [ Cancel Apply
e A
Figure 3: Reservoir Editor: Physical Tab -- Pool
r P ™
SRS =
Reservoir Edit Dam
Resenoir | gecond Connecticut .. Descripti0n| E]| (W][a] 130f74|m@
Physical | Operations | Observed Data|
A Second Connecticut Lake Second Connecticut Lake-Dam
8 Pool
Elevation at top of dam (ft
@ Logway p (®) | 1875.0|
Q Spillway Length attop of dam (ft) | 1la_o|
@ Fish Pipe
Q Wasteway Composite Release Capacity
Elevation Controlled | Uncontrolled Total
(ft) (cfs) (cfs) (cfs) q —
1,852.0 0.0 0.0 0.0/« § 18707
1,856.0 109.1 0.0 109.1 | E & 1 g0
1,861.5 263.1 0.0 263.1 z q
1,862.0 282.7 0.0 282.7| 1,850 11T 117
| 1,862.5 313.3 0.0 313.3| 5 0 3,000 6,000
1,863.0 348.9 0.0 348.9 Flome
1,863.5 389.5 0.0 389.5 (ofE)
1,864.0 434.1 0.0 434.1|
1,864.5 483.8 0.0 483.8
I 1,865.0 536.4 0.0 536.4
1,865.5 592.0 0.0 592.0
1,866.0 649.2 0.0 649.2
1,866.5 709.4 0.0 709.4
1,867.0 772.5 0.0 772.5
1,867.5 838.7 0.0 a3a.7
1,868.0 906.9 0.0 906.9
1,868.5 976.6 0.0 976.6| _
QK ] ’ Cancel Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Second Connecticut Lake

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Second
Connecticut Dam’s “Existing Ops” operational zones, which consist of zones of Top of dam (1875 ft),
Below Top of dam (1874 ft), Conservation (1861.248-1867.215 ft), Operational Inactive (1860 ft), and
Inactive zone (1859 ft). The Conservation Pool Elevation curve was created from 10 years of weekly
average pool elevation®.

's - ™)
Wireeroraor Wl T N =
Reservoir Edit Operations Zone Rule IF_Block

Reservoir :SecondCtJnnecticut... v: Description =) E@ 13 of 74 @@
-Eh].rsical Operations | Observed Data
Operation Set :Existing Ops -: Description E]
Zone-Rules | | | |
@ Top of Dam ) o
Conservation
| # Below Top of Dam Storage Zone Description [J
@ Min Flow Function of -
Date
Y conservoton!
[l Min Flow =
¥R Operational Inactive Date Top Elevation (ft) o
| =-{ } Seasonal Min 01Jan 1865711 - 0
#h [nactive 10Jan 1865.661( | 1,874
20Jan 1865.485 1,872+
3Jan 1865.269| = = 1,870+
10Feb 1864.533 = 1,868
o
20Feb 1864.384| £ 18567 N
Toir erser | 1'85“'\/
ar .
20Mar 1861.243 1,862
3Mar 1862.034 1,860
10Apr 1863.308 1,858 T | — T T
20Apr 1865.289 Jan Mar May Jul Sep MNow
30Apr 1866.577
10May 1866.733
20May 1866.634
F1May 1866.418
10Jun 1866.72| 7
|
Zone Sort Elevation
i
| ok ][ cance Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing OpsSS.

r -
n Reservoir Editor “

Reservoir Edit Operations Zone Rule I

Resenvoir :Secund Connecticut .. -

Physical | Operations | Observed Data

Ciperation Set :Existing Ops

Zone-Rules | I |

l g Top of Dam
w® Below Top of Dam

I [l Min Flow

(= JConsenvation

“ [0 Min Flow
(e Operational Inactive
i =-{ } Seasonal Min
== IF (Summer)
- [H Inactive Min Rule
== ELSE (Not Summer)
[l Inactive Min Rule 2
l.n Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

# TransCanada. Connecticut River Operational Constraints. 2012.
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C. Rule Descriptions

1. Min Flow
Figure 7 shows the content of “Min Flow” rule. This rule represents the minimum release from
dam as a function of date.

Operation Set :Existing Ops v: Description [:]
Zone-Rules | | |

wh Top of Dam Operates Release From: Second Connecticut Lake-Dam

fﬁlielDam Rule Mame: |\in Flow Description: &l
‘%ﬂ:ﬁn’;ﬂlﬁ" Function of |pate

@ Cperational Inactive

=-{ } Seasonal Min HmitTye: Minimum — et — - 45
wh [nactive Date Release (cfs) = and
& 40
01Jan 450~ 2 |
01Jun 25 | &
010d 45.0 & 307
& 25
T T T T T

Jan Mar May Jul Sep oy

[ Hour of Day Multiplier

[7] Day of Week Multiplier
[ Rising/Falling Condition

Seasonal Variation Edit...

[7] Period Average Limit

-

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow
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2. Seasonal Min

Figure 8 shows the content of “Seasonal Min” rule. It represents a minimum release of 22.5 cfs for
inflows greater than 22.5 cfs in summer and 45 cfs for inflows greater than 45 cfs in the rest of the year.

=-{ } Seasanal Min
ER " (Summer)]
W Inactive Min Rule
= = ELSE (Mot Summer)
‘W Inactive Min Rule 2

Operation Set :Existing Ops v: Description Ll
Zone-Rules | |
# Top of Dam i L
I Below Top of Dam Mame: |5easonal Min Description: =
(@ Min Flow —
& Conservation Type Mame Description
‘[l Min Flow IF Summer
#h Operational Inactive ELSE Mot Summer
ER#] Scasonal bin
EH- = |F (Summer)
- ~[H Inactive Min Rule
== ELSE (Mot Summer)
“-[l Inactive Min Rule 2
o [nactive
Operation Set | Existing Ops ~ | Description o
Zone-Rules | |
Top of D
: BZTOS\, Toa;TofDam IF Conditional | symmer Description: E]
-1 Min Flow
#™ Conservation Value1 Value2
“Ml Min Flow Current Time Step == 01Jun
#® Operational Inactive AND Current Time Step == 30Sep Add Cond.
Del. Cond.

o [nactive Move Up
Operation Set iExisting Ops 'i Description ]
Zone-Rules | |

#h Top of Dam Operates Release From: Second Connecticut Lake

f__?iEI?;:nTlggvstam Rule Name: ||nactive Min Rule Description: =
'%I}:;r:];::“ Function of | second Connecticut Lake-Pool Met Inflow, Current Value

#™ Operational Inactive
=-{ } Seasonal Min
== |F (Summer)

= Rinactive Min Rule

o [nactive

Limit Type: | Minimum v | Interp: [Linear |
Flow (cfs) Release (cfs) g 207
0.0 00|~ &, |
225 225 @ 107
100000.0 225 =

01—

T T T T T 1
40,000 80,000

Flone (cfs)
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Operation Set :Existing Ops v: Description [:]

Zone-Rules | | |

# Top of Dam Operates Release From: Second Connecticut Lake
n Below Top of Dam
------ W Min Flow ELSE Conditional |pjat Summer Description: &l
ﬂ Conservation

------ @ Min Flow
# Cperational Inactive

=-{ } Seasonal Min

B L4 IF(Summer}

(W Inactive Min Rule

B E AELSE (Mot Summer)

[l Inactive Min Rule 2

o [nactive
Operation Set :Existing Ops v: Description [:]
Zone-Rules | | |
L ;0? ofgam - Operates Release From: Second Connecticut Lake
.n elow Top of Dam ) o
______ B Min Flow Rule Name: ||nactive Min Rule 2 Description: =
ﬂ Conservation )
...... B\ Min Flow Function of. | second Connecticut Lake-Pool Net Inflow, Current Value
i Operational Inactive - - . s 1 [ 1
: Limit Type: - | Interp.: -
=-{ } Seasonal Min YPe: | Minimum | P> Linear |
== |F (Summer) — 457
i @ Inactive Min Rule Flow (cfs) Release (cfs) - 0]
= ELSE (Not Summer) 0.0 0.0+ @ " g
B} Inactive Min Rule 2 450 45.0 @ 157
; 100000.0 450 o 7
wh [nactive I e e e e e e B
0 40,000 80,000
Flawy {cfs)

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Seasonal Min
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Lake Shenipsit

Lake Shenipsit

l. Overview

Lake Shenipsit Dam is located in the town of Rockville, CT on the Hockanum River. It is owned and
operated by the Connecticut Water Company and used as water supply for the town of Rockville.

Figure 1 shows the location of Lake Shenipsit Dam as it is represented in the HEC-ResSim model. Figure
2 shows a photo of Lake Shenipsit.

o

L=

Shenipsit Lake_In

Shenjfisit Lake

Shenipsit Lake_Out

onmestivut-at-Mouth =

Figure 1: HEC-ResSim Map Display Showing Location of Lake Shenipsit Dam
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Figure 2: Photo of Lake Shenipsit

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3*°. The dam consists of

two types of outlets: (1) uncontrolled outlet, and (2) controlled water to treatment plant gate as shown
in Figure 4.

% Data provided by Connecticut Water Company.
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Figure 3: Reservoir Editor: Physical Tab -- Pool

ﬂ Reservoir Editor

Reservoir Edit Dam
Resenvoir | shenipsit Lake + | Description E]| (W][«] 530f74|m@
Bhysical | Operations | Observed Data|
A Shenipsit Lake Shenipsit Lake-Dam
' Pool
= U Elevation attop of dam (ﬂ)| 517_3|
| <> Uncontrolled Outlet
@ water to treatment plant Length at top of dam (ft) | 400.0|
Composite Release Capacity
Elevation Controlled | Uncontrolled Total
(ft) (cfs) (cfs) (cfs) 520 /-’-"'

430.0 alvS 0.0 10.5( = _5 5107
511.2 10.5 0.0 10.5) | & £ sn0-

' 512.0 10.5 96.0 106.5| || & 4903

l 512.2 alvS 120. 130.5 TTTTTTTT
513.2 10.5 410.0 420.5 0 D
514.2 alvS £800.0 B10.5 Flowy
515.2 10.5 1,100.0 1,110.5|= (cfs)
516.2 10.5 1,700.0 1,710.5
517.2 alvS 2,200.0 2,210.5
518.2 alvS 3,100.0 3, 1005
5198.2 allnSs 5,000.0 5,010.5
520.2 alvS 7,600.0 7,610.5
521.2 alvS 10,400.0 10,410.5
522.2 alvSs 13,200.0 13,2105
523.2 alvS 16,350.0 16,360.5

i
OK ] [ Cancel ] [ Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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ﬂ Reserveir Editor
Reservoir Edit Pool
Resenvoir [ShenipsitLake v] Description E]| (W][«] 530f74|m@
Bhysical |Qperaﬁons Observed Data|
A\ Shenipsit Lake Shenipsit Lake-Pool
piiPool
& U:Dam @ Linear Interpolation () Conic Interpolation  Initial Conic Depth (ft) |:|
‘ <% Uncontrolled Outlet
Q water to treatment plant SEET Storage P
(ft) (ac-t) (acre)
430.00 0.00 0.00] » s
485.00 5300.00 32000 | 510:
490.00 GE00.00 355.00 = SDD:
495.00 8100.00 400.00 E ]
500.00 10500.00 450.00 m 4307
| 505.00 12800.00 520.00 B N N
| 510.00 14800.00 575.00 D G i
511.20 15500.00 585.00 @ a
515.00 17900.00 £60.00] e
517.30 19300.00 685.00] |
520.00 21000.00 740.00 510:
€ 00
2 &g
& 490
480
T T T T 17T
0 200 400 E00 BOO0
P Area (acre)
’ OK ” Cancel ” Apply
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Lake Shenipsit

lll. Operations

B. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 4 shows the definition of Shenipsit’s
“Existing Ops” operational zones, which consist of zones of Top of dam (517.3 ft), Flood control (512 ft),
Conservation (511 ft), and Inactive zone (490 ft)".

' 3 - ™
CEEEEEN " i ==

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir :Shenipsit Lake v: Description = E@ 53 of 74 @@

Physical | Operations | Observed Data

Operation Set :Existing Cps v: Description [:]
Zone-Rules | | | |
o Top of Dam : -
Conservation
| # Flood Control Storage Zone Description L]
[l Dam release Funclion of
| [l water to treatment plant Befue
__Jconservation | :
: T8 Dam release Date Top Elevation (ft)
H 220
[ [ water to treatment plant 01Jan 511.0] »
o [nactive 5157
| 510
£ aps-
&
% 900
&
D 495
4390
435 T T T T T
Jan Mar May Jul Sep Mowv
I .
Zone Sort Elevation
||
[ 0K ] [ Cancel Apply

Figure 5: Reservoir Editor: Operations Tab — Existing Ops OpSet
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Lake Shenipsit

B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named

Guide Curve.

n Reservoir Editor

Reservoir Edit Operations Zo

Resenvoir | shenipsit Lake

Operation Set :Existing Ops

N &

ne Rule I

Physical | Operations | Opserved Data

Zone-Rulss | |

l @ Top of Dam
™ Flood Control
@ Damrelease

] Conservation]

@ Damrelease

o [nactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

@ water to treatment plant

[l water to treatment plant

C. Rule Descriptions

1. Dam release

Figure 6 shows the content of “Dam release” rule. This rule represents the minimum release

from Dam as a fu

Operation Set :Existing Ops

nction of date.

v: Description

[E water to treatment plant
™ Conservation

B Damrelease

[E water to treatment plant

Function of: |pate

Limit Type: |Minimum | Interp: |Linear

Zone-Rules | | |

A Top of Dam Operates Release From: Shenipsit Lake-Dam

™ Flood Control - ) 0 o
- ule Name: Dam release escription:

ol [nactive

Date Release (cfs)
01Jan 119.2
01Feb 1114
01Mar 1907.7
01Apr 1092.8
01May 10421
01Jun 4448
01.Jul 529.9
01Aug 4871
015ep 7851
010ct 985.7
01Mov 10011
01Dec 1094 .4(—

»

m

Figure 6 Reservoir Editor: Operations Tab — Existing Ops OpSet — Dam release
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Lake Shenipsit

2. Water to treatment Plant
Figure 7 shows the content of “Water to treatment” rule. This rule represents the minimum release

from “water to treatment plant” gate.

Operation Set iExisting Ops "j Description [
Zone-Rules | | |
L ll‘jp scha;"' I Operates Release From: Shenipsit Lake-water to treatment plant
@ Flood Contro ] N
[l Dam release Rule Name: \water to treatment plant | Description: )
i Rwater to treatment plant ' '
@& Conservation Function of. |Date
[ Dam release o : : : .
Limit Type: ini -~ Interp. L -
[@ water to treatment plant = | AR : P- |Lineas :
Inactive
- Date Release (cfs) = 10,60+
01Jan 1053 »| £ qp55-
I
& 10.50
o
Z 10.457
T T T T T
Jan UE Sep

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — water to treatment plant
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Sherman

Sherman

l. Overview

Sherman dam is located on the Deerfield River between Readsboro and Monroe. It is owned and
operated by TransCanada Hydro Northeast Inc. for hydropower generation on a peaking, weekly storage
basis.

Figure 1 shows the location of Sherman dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Sherman dam.

[
v
(9.' Second Connecticut Lake_Inf
3

= (5

AN _Flogdplaini

& 1/1ussal51

- cticu Upper Ammonoosuc
b

Sherman_In

'-C‘.:Jr .(.-(:‘ Grafton Fond_In
O 4
7% O OB

e erman_0Out
I —
H #5 Development_In

Figure 1: HEC-ResSim Map Display Showing Location of Sherman
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Sherman

Figure 2: Photo of Sherman dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3%’. The dam consists of
three types of outlets: (1) controlled spillway, (2) uncontrolled outlet, and power plant as shown in
Figure 4.

¥ Data provided by TransCanada
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-

Reservoir Editor

Reservoir Edit Pool

[S)

Resenoir [Sherman v] Description|

) (W](a] 40074 | ][m)

Physical |Qperah'ons Observed Data|

Figure 3: Reservoir Editor: Physical Tab -- Pool

Reservoir Edit Dam

A sherman Sherman-Pool
@ Linear Interpolation () Conic Interpolation  Initial Conic Depth (f)
Elevation Storage Area

< Uncontrolled Outlet ® &= f2aE] 11104
1083.66 100000.00 o~ ! i
1083.76 100009.50 | & 11004
1083.86 100019.01 E B
1083.96 100025.51 o 1,090
1084.06 100038.02 1080_ INENENEE
1084.16 10004752 !
1084.25 100057 02 100,000 102,500 105,000
1084 36 100066.53 Stor (ac-f)
1084 .45 100076.03
1084.56 100085.54 11107
1084 .66 100095.04 & 1,100
1084.76 100104.96 = B
1084.86 100114.88 E 1,080+
10584.95 100124.79 : DSU_
1085.06 100134.71 0 T rT T T
1085.16 10014463 B0 9,400 9300
1085.26 100154.55 Area (acre)
1085 3R ANO1RA AR S

QK ] ’ Cancel ] | Apply

=)

(d -

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Reseroir [Sherman v] Description | E]l (][] 40 0f74 |[m@
Ehysical | Operations | Obseved Da.ta.|
A\ Sherman Sherman-Dam
Elevation attop of dam (ft) | 1127.5 |
Length at top of dam (ft) | 310_0|
-3 Uncontrolled Outlet Composite Release Capacity
Elevation Controlled | Uncontrolled Total
(ft) (cfs) (cfs) (cfs) 11307
1,008.6 1,288.8 0.0 1,208.8). 5§ 11207
1,103.7 1,288.8 0.0 1,288.8)~ B & 11107
1,103.8 1,288.8 14.0 1,302.8 2 1000
1,103.9 1,288.8 44.0 1,332.8 TTTTITT
1,104.0 1,288.8 84.0 1,372.8 o 120,000
1,104.1 1,288.8 134. 1,422.8 Flowy
1,104.2 1,288.8 191.0 1,479.8 (cfs)
1,104.3 1,288.8 257.0 1,545.8
1,104.4 1,288.8 329.0 1,617.8
1,104.5 1,288.8 408.0 1,696.8
1,104.6 1,288.8 494.0 1,782.8
1,104.7 1,288.8 585.0 1,873.8
1,104.8 1,288.8 682.0 1,970.8
1 104 N0 10 L -7 .Y L. L K- i
OK ] [ Cancel ] | Apply




Sherman

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Sherman’s
“Existing Ops” operational zones, which consist of zones of Top of dam (1127.6 ft), Conservation (1107.6
ft), Min Pool (1098.6 ft), and Inactive zone (997.6 ft)".

 — ~ ™
CEEEEEN E=

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir :Sherman v: Description = E@ 40 0f 74 @@

Physical | Operations | Observed Data

Operation Set | Existing Ops ~ | Description o

Zone-Rules | Rel_mloc.l | |

# Top of dam : -
: Conservation
l ‘[l Max Power Plant First Storage Zone Description &
._JConservation | Function of | [ Defne.. |
: ate
I [l Min FLow Logic- Sherman
#-{ } Hydropower Sherman 72 -
& 1in Pool Date Top Elevation (ft)
||| [[ inactive 01Jan 1107.6 (h
1,120+
| 1,100
& 1,080
5 1,060
g 1,040
W 0z
1,000+
480 T T T T T
Jan Mar May Jul Sep Mow
|
Zone Sort Elevation
i

[ OK ] [ Cancel Apply
S — 4

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve

Figure 6 shows a sequential release allocation approach specified for available outlets along Buford
Dam. The available outlets are given an order of priority for release. The power plant gets the
release first until it reaches release capacity. The spillway gets the remainder of the release.
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Reservoir Edit Operations

Resenoir | sherman - | Description

Physical | Cperations | Observed Data

O] (u][«] 40

COperation Set :Existing(}ps v: Description

Zone-Rules REI.NIGC.|Z.':-;:':3|E': Z':::'li':: Scheds | Projected Eley

| Release Allocation Strategy

= Sherman - Balanced Release Location: Sherman-Dam
== Sherman-Dam (1.0) - Sequential i ) . -
:-€3 Sherman-Power Plant Allocallon Type: | Sequenial

LA Bh -Spill
Q srman-spliway Sherman-Power Plant

Sherman-Spillway

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation

B. Rule lllustrations

Figure 7 shows a set of operational rules specified for each zone that reflects the operation set named

Existing Ops®2.

Reservoir Edit Operations Zone Rule IF_Block

Resemnoir | sharman « | Description

Operations | Opserved Data

Operation Set iExisting Ops

Zone-Rules | Rel. Alloc. | Outaoes | Sior Credi |
| ™ Top of dam

I.-

-l Min FLow Logic - Sherman
=-{ } Hydropower Sherman Z2
== |F (code=0)

| . [l Hydropower Release 90% Inflow
== ELSE IF (code=1)
-~ 2HrsGen-Z2
= ELSE IF (code=2)
[l 4HrsGen-Z2

I w ELSE IF (code=3)

P [E Hydropower Release 90% Inflow
E}-P ELSE (code=4)

# [lin Pool
o [nactive

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

® TransCanada. Deerfield River Operational Constraints. 2012.
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C. Rule Descriptions

1. Max Power Plant First
Figure 8 shows the content of “Max Power Plant First” rule. This rule forces the inflow to pass
through the power plant first until it reaches the maximum plant capacity.

Operation Set :Existing Ops v: Description E]

Zone-Rules | ReI.Nloc.I |

™ Top of dam

@
wh Conservation

~[@ Min FLow Logic- Sherman
- } Hydropower Sherman Z2

Operates Release From: Sherman-Power Plant
Description: [:]

Rule Name: | yax Power Plant First

Function of. | 5herman-Pool Met Inflow, Current Value

:5’:}'2;32' Limit Type: |Minimum | Interp: [Linear «
Flow (cfs) Release (cfs) g 14007
~1000.0 00|« 3 8007
0.0 0.0 2 400
1288.8 12888 | @ .
123456.0 12888 | ¥ NN

i] 60,000 120,000
Flow {cfs)

[ Period Average Limit
[™] Hour of Day Multiplier
[T Day of Week Multiplier

[] Rising/Falling Condition
[7] Seasonal Variation

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Power Plant First

2. Min Flow Logic Sherman
This rule represents the minimum release from reservoir as a function of Inflow. The content of the
rule is shown in Figure 9.

Operation Set :Existing Ops v: Description

]

Zone-Rules | Rel. Alloc.l |

wh Top of dam Operates Release From: Sherman

Rule Name: | §in FLow Logic - Sherman | Descripion: | win flow rules for downstream plar[]!

# Conservation

[~ JMin FLow Logic - Sherman

} Hydropower Sherman Z2

Function of: | sherman-Pool Net Inflow, Current Value

——

Min Pool . ' ] [ ]
:Ivr:gcrfsg Limit Type: | Minimum | Interp. | Linear -

— T2

Flow (cfs) Release (cfs) ﬁ p3

0.0 57.0+| w gyl

57.0 57.0 2 ol

73.0 73.0 2 st
123456.0 73.0 o 0,000 120,000
Flowy (cfs)

[ Period Average Limit

["] Hour of Day Multiplier
[] Day of Week Multiplier

[] Rising/Falling Condition

[7] seasonal Variation

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow Logic Sherman
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3. Hydropower Sherman Z2

This rule represents power strategy applied for Sherman reservoir. The content of the rule is shown in

Figure 10.

Operation Set :Existing Ops

v: Description )

Zone-Rules | Re|_A||oc_| |

™ Top of dam
[l Max Power Plant First
™ Conservation
@ Win FLow Logic - Sherman

Operates Release From: Sherman

O

MName: Hydropower Sherman z2 | Description:

[l Hydropower Release 90% Inflow
£} = ELSE IF (code=1)

-l 2HrsGen-Z2

E}* ELSE IF (code=2)

- -l 4HrsGen-Z2

= ELSE IF (code=3)

- [H Hydropower Release 90% Inflow
E}* ELSE (code=4)

=R @Y Hydropower Sherman 22 Type Mame Description
== IF (code=0) IF code=0
i [l Hydropower Release 90% Inflow ELSEIF  |code=1
== ELSE IF (code=1) ELSEIF  |code=2
¢ ~[W 2HrsGen-Z2 ELSEIF |code=3
£ = ELSE IF (code=2) ELSE code=4
¢ [l 4HrsGen-22
E}* ELSE IF (code=3)
¢ [l Hydropower Release 90% Inflow
E}* ELSE (code=4)
[l No Power
Operation Set :Existing Ops v: Description
Zone-Rules | Rel. ,A]lgc_l |
wh Top of dam Operates Release From: Sherman
“[l Max Power Plant First
#* Conservation IF Conditional | zode=0 Description:
&l Win FLow Logic - Sherman
=-{ } Hydropower Sherman Z2 Value1 Value2
E‘" IF (code=0) | Sherman_Volume | = | 0 Add Cond.

Del. Cond.

Move Up

Move Down

Operation Set :Existing Ops

] Description

Zone-Rules | ReI.Alloc.l |

™ Top of dam
[l Max Power Plant First
o™ Conservation
~[@ Min FLow Logic - Sherman
=-{ } Hydropower Sherman 22
== |F (code=0)
- = ELSE IF (code=1)
. @ 2HrsGen-Z2
= ELSE IF (code=2)
. @ 4HrsGen-Z2
= ELSE IF (code=3)
. [l Hydropower Release 90% Inflow
E\‘* ELSE (code=4)
[l No Power

Operates Release From: Sherman-Power Plant

Rule Name: yower Release 90% Inflow | Description:

Function of | Sherman-Pool Net Inflow, Current Value

ED DI II O 0

Limit Type: :Minimum -: Imerp.::Linear v:

—. 80,0004
Flow (cfs) Release (cfs) o ]
0.0 00| o B0.0003
100000.0 90000.0 § 30,0004
= ]

s 11 s o o e e e

i} 40,000 100,000
Flow (cfs)
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Operation Set :Existing Ops

v: Description

Zone-Rules | Rl Alloc | |

i Top of dam

‘[l Max Power Plant First

wh Conservation

I8 Min FLow Logic - Sherman

=-{ } Hydropower Sherman 22
- |F (code=0)

------ B Hydropower Release 90% Inflow

SR AELSE IF (code=1)

- = ELSE IF (code=2)

-~ [H 4HrsGen-Z2

- mb ELSE IF (code=3)

. [ Hydropower Release 90% Inflow
- ELSE (code=4)

------ @ No Power

Operates Release From: Sherman-Power Plant

ELSE IF Conditional | cgde=1 Description:
Value1 Value2
| Sherman_Volume | = | 1

Add Cond.

Del. Cond.

Move Up

Maowe Down

Operation Set | Existing Ops

~  Description

Zone-Rules | Rel. Alloc.

¥ Top of dam

‘[l Max Power Plant First

™ Conservation

[l Min FLow Logic - Sherman

=-{ } Hydropower Sherman Z2
== |F (code=0)
. [ Hydropower Release 90% Inflow
= ELSE IF (code=1)

Operates Release From: Sherman-Power Plant

Hydropower - Power Guide Curve Rule | 2HrsGen-72
Description:
Zone at Top of Power Poaol 'ansewaugn -

Zone at Bottom of Power Poal | in Pool -

(@] = (@]

¢ [l Hydropower Release 90% Inflow
= ELSE IF (code=1)

;@ 2HrsGen-Z2
N e 1 (coce-2)

¢ [l 4HrsGen-Z2

= ELSE IF (code=3)

i ~[H Hydropower Release 90% Inflow
== ELSE (code=4)

[l Mo Pawer

-l % Power Storage Plant Factor (%)
- = ELSE IF (code=2) oo 0 120
. W 4HrsGen-Z2 1000 833 1004
- = ELSE IF (code=3) : : 2
. ~[H Hydropower Release 90% Inflow T el
== ELSE (code=4) & B0
_ @ Mo Power 2 ol
o 1lin Pool =
o [nactive = 204
0 T T T T T T 71T
o1 2 3 4458 67 8 9
Plant Factor (%)
Power Generation Pattern... l
Operation Set :Existing Ops v: Description
Zone-Rules | Rel. Alloc. | |
#* Top of dam Operates Release From: Sherman-Power Plant
[l Max Power Plant First
# Conservation ELSE IF Conditional | coge=2 Description:
-8 Min FLow Logic - Sherman
=-{ ¥ Hydropower Sherman 22 Value1 Value2
== IF (code=0) | Sherman_Yolume | = | 2

Add Cond.

Del. Cond.

Move Up

I IID -

Mowe Down
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Operation Set :Existing Ops

v: Description

Zone-Rules | Rel.r\lloc.l |

™ Top of dam

‘[l Max Power Plant First

™ Conservation

o[l Min FLow Logic - Sherman

=-{ } Hydropower Sherman 22

= = |F (code=0)

¢ o[l Hydropower Release 90% Inflow
= E|SE IF (code=1)

Operates Release From: Sherman-Power Plant

Description:
Zone at Top of Power Pool 'Conservation -

Zone at Bottom of Power Pool | Min Pool =

Hydropower - Power Guide Curve Rule |4HrsCen-72

== |F (code=0)

--[@ Hydropower Release 90% Inflow
= C| SE IF (code=1)

;M@ 2HrsGen-Z2

== ELSE IF (code=2)

¢ e[l 4HrsGen-Z2

B gELSE IF (code=3)]

--[@ Hydropower Release 90% Inflow

== ELSE (code=4)

[l Mo Power

| Sherman_Volume | = |

- [ 2HrsGen-Z2 % Power Storage Plant Factor (%)
&= ELSE IF (code=2) 0 533 120
= ELSE IF (code=3) ' ' =
¢ [ Hydropower Release 90% Inflow g 80
- = ELSE (code=4) o 60
_ @ Mo Power 2 o
# Min Pool o
o inactive = 207
i} T T T T T T 1T
8 91011 121314151617
Flant Factor (%)
FPower Generation Pattern... ]
Operation Set :Existing Ops v: Description
Zone-Rules | Re|_;\1|gc,| |
w Top of dam Operates Release From: Sherman-Power Plant
[l Max Power Plant First
# Conservation ELSE IF Conditional | code=3 Description:
[l Min FLow Logic - Sherman
=-{ } Hydropower Sherman 22 Value1 Value2

Add Cond.

Del. Cond.

Move Up

Move Down

Operation Set jGuide Curve

vi Description

Zone-Rules | Rel. Alloc. | |

# Top of dam
[l Max Power Plant First
# Conservation
[ Min FLow Legic - Sherman
=-{ } Hydropower Sherman Z2
== |F (code=0)
i [l Hydropower Release 90% Inflow
E}* ELSE IF (code=1)

= ELSE IF (code=2)
i [l 4HrsGen-Z2
= ELSE IF (code=3)

S RHydropower Release 90% Inflow

- m ELSE (code=4)

------ [@ Mo Power

Operates Release From: Sherman-Power Plant

Rule Name: yower Release 90% Inflow | Description:

Function of |Sherman-Pool Met Inflow, Current Value

Limit Type: Minimum | Interp. Linear

Flow (cfs) Release (cfs)
0.0 00| «

100000.0 20000.0

ID DI II @) -

Define...

[ Period Average Limit

LI
20,000

Edit...
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Operation Set :Existing Ops

~ Description

Zone-Rules | Rel.AIIUc.l |

™ Top of dam
‘[l Max Power Plant First
™ Conservation
[l Win FLow Logic - Sherman
=-{ ¥ Hydropower Sherman 22
E}-P IF (code=0)
i ~[@ Hydropower Release 90% Inflow
=3 -b ELSE IF {code=1)
¢ L[l 2HrsGen-22
B * ELSE IF (code=2)
¢ e[l 4HrsGen-Z2
B * ELSE IF (code=3)
| | HydropowerReIease 90% Inflow
=2 -F

-l Mo F'ower

Operates Release From: Sherman-Power Plant

ELSE Conditional |code=4

Description:

Operation Set :Existing Ops

v: Description

Zone-Rules | ReI.Alloc.l |

™ Top of dam
[l Max Power Plant First
™ Conservation
[ Min FLow Logic - Sherman
=--{ } Hydropower Sherman 22
E- = |F (code=0)
i [ Hydropower Release 90% Inflow
B -b ELSE IF {code=1)
¢ o[l 2HrsGen-Z2
B * ELSE IF (code=2)
i [l 4HrsGen-22
I_;} * ELSE IF (code=3)
¢ “~[@ Hydropower Release 90% Inflow
E}--* ELSE (code=4)

@
o Min Pool
o [nactive

Operates Release From: Sherman-Power Plant

Hydropower - Power Guide Curve Rule |g Power

Description:
Zone at Top of Power Pool 'Consenvation

Zone at Bottomn of Power Pool | Min Pool

-

-

% Power Storage Plant Factor (%)

0.0

0.0

100.0

0.0

% Power Storage

120
100+
a0+
G0
404
204

{1 s I
o 02 04 0B 08 1

Flant Factor (%)

[

Power Generation Pattern...

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Hydropower Sherman 22

Figure 11 describes the definition of codes used in the Sherman_Volume state variable. The code is

summing up the current Inflow and previous storage in each time step, compare it to the volume

needed for generating 2 and 4 hours power and to the spillway storage minus inactive storage and then

decide how much to release.
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n State Variable Editor - E
—
StateVariable Edit
Name: isherman_Velume i Description | [m][a] 7017 (]
Parameter Name: |code Parameter Type: | code = [7] Always Comput
Initialization | Main | CleanUp!
- TimeSeries 1 # Create 2 code to track the available water for generating power &
. Model Variab 2
AF.‘IState\faﬂabl 3 #The code is swmuing up the current Inflow znd prevoius storage in each timestep,compare it to the volums needed for
.?dlath 4 #generating £ and ¢ hours power and to the spillway storage minus imnactive storage and then decide how muck to release.
| HecTime s
| Metwork 6 # Code =0:; I+5 »S(spillway storage)-5(inactive storage)
. RunTimeSte 7 # code =1:0« I+5<V(2hrs.Gen)
. RunTimeWin 8 # code =2: V(Zhrs.Gen)<I+5<Vidhrs.Gen)
. StateVariabl 9 # ocode =3: V(4hrs.Gen]<I+3
. TimeSeries 10
: ngFlle 11 # S(spillway storage)]-5(inactive storage)=3583-1733.5=185%,5 (2cf)
12 #outlet capacity=1287.87cfs)
13 #V(zhrs.Gen)=(2*outlet capacity)*0.082=211.34(act)
14 #Vidhrs.Gen)=rd*outlet capacity)*0.085=422, 72 (act)
13
16 from hec.model import RunTimeStep
17
13 Inflow_T3=network.getTimeleries("Reservoir”, "Sherman”, "Fool", "Flow-IN NET")
1% Inflow= Inflow TS5.getCurrentValue (currentRuntimestep)
z0 Inflow_acf=Inflow*l.398
zl
ZZ Storage_TS = network.getTimeSeries ("Reservoir”, "Sherman”, "Fool", "Stor®]
Z3 Hrorage=3torage TS.getPreviousValue (currencRuntimestep)
z4
25 WVolume=Inflow acf+iStorage-1733.5)
26
27 |[if Wolume >= 1859.5:
28 Code=0
29 elif O<Volume <=zZ11.36
30 Code=1
31 |elif 211.36<Wolume <=422.72:
32 Code=2
33 |elif 4z22.72<Wolume<1859.5:
34 Code=3
35 |else:
36 Code=4
37
33 currentVariasble.setValue icurrentRuntimestep, Code) -
T < m »

i=igure 11: State Variable Editor: Sherman_Volume

480



Shuttle Meadow

Shuttle Meadow

1. Overview

Shuttle Meadow dam is located on the upper reaches of Willow Brook in the towns of New Britain and
Southington, CT. The dam is owned and operated by the two towns and is used for water supply.

Figure 1 shows the location of Shuttle Meadow dam as it is represented in the HEC-ResSim model.
Figure 2 shows a photo of Shuttle Meadow dam.
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Figure 1: HEC-ResSim Map Display Showing Location of Shuttle meadow
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Shuttle Meadow

Figure 2: Photo of Shuttle Meadow dam.

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the
HEC-ResSim model. The elevation-storage-area defines the pool as shown in Figure 3%°. The dam

consists of an uncontrolled spillway as shown in Figure 4.

¥ Data provided by the Town of New Britain.
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f r ™
e y = ==

Reservoir Edit Pool
Resenoir | shuttle Meadow - Description‘ [:]| (W][«] 540f74|m@
Physical | QOperations | Observed Data‘
A ShLWeadow Snhuttle Meadow-Poal
Pool
Dam @ LinearInterpolation () Conic Interpolation  Initial Conic Depth (ft)
=€ Uncontrolled Outlet - - l:l
Elevation Storage Area
(ft) (ac-t) (acre)
475.00 0.00 0.00
492,60 3032.00 172.00
49460 3502.00 180.00 5004
496.60 3717.00 187.00 g
498.60 4132.00 195.00f & 490
500.60 4532.00 203.00f & 4EDi
502.60 4582.00 210.00) W i
504.20 5100.00 215.00 470 +—————1
504.60 5150.00 216.00 0 2,0004,000 6000
Stor {ac-iy
a00+
& 490
= 4
o 480:
470 T T T
1] 100 200
Area (acre)
[ OK H Cancel ]| Apply

Figure 3: Reservoir Editor: Physical Tab -- Pbol

' - ™
e A =

Reservoir Edit Dam
Resemnoir | shuttle Meadow - Description‘ [:]| [W][«] 540f74|m@
Physical | Operations | Observed Data|
|2 shutile Meadow Shuttle Meadow-Dam
Elevation at top of dam (ft) .
4y Uncontrolled Qutlet | 504 2|
Length attop of dam (ft) | 560_0|
Composite Release Capacity
Elevation | Controlled | Uncontrol... Total
(ft) (cfs) (cfs) (cfs) 5043
496.6 0.0 0.0 0.0/~ § 3]
497.0 0.0 15.0 15.0) | & 2501
498.0 0.0 101.0 101.0 Z 4987
499.0 0.0 227.0 227.0 TTTTTTT
499.8 0.0 350.0 350.0 D E 9E
500.0 0.0 383.0 383.0 Flow
500.5 0.0 470.0 470.0 {cfa)
501.0 0.0 564.0 564.0(5
501.5 0.0 662.0 662.0
502.0 0.0 766.0 766.0
502.5 0.0 875.0 875.0
503.0 0.0 989.0 989.0
504.0 0.0[ 1,229.0/ 1,229.0
505.0 0.0[ 1,486.0/ 1,486.0[ |
[ OK ] [ Cancel ] | Apply

Figure 4: Reservoir Editor: Physical Tab -- bam
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Shuttle Meadow

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Shuttle
Meadow’s “Guide Curve” operational zones, which consist of zones of Flood control (498 ft),
Conservation (496 ft), and Inactive zone (480 ft).

o N ™
K7l Reservoir Editer [ﬂ
Reservoir Edit Operations Zone Rule IF_Block
Resenvoir | ghutle Meadow ~ | Description | [M][a] 54 0r74 ] [M]
-Ehysical Operations | Opserved Data
Operation Set Guide Curve ~ | Description &
Zone-Rules | | | |
: Storage Zone |Conservation Description J I
A [nactive Function of |pate
Date Top Elevation (ft)
500 1
01Jan 496.0| »
495
g
= 490
=]
=
o i
B oyes
480
T T T T T
Jan Mar May Jul Sep Mov
Zone Sort Elevation
’ OK l ’ Cancel Apply

Figure 5: Reservoir Editor: Operations Tab — Guide Curve OpSet

B. Rule lllustrations

The operation set for Shuttle meadow has no rules of operation making it a flow through reservoir. The
pool elevation will remain at the top of conservation unless the inflow exceeds the total release
capacity. There is a water supply time series for Shuttle Meadow. Daily water withdrawal and return
flows for the year 2009 were provided by the New Britain Water District. These daily withdrawals were
used to create a water supply time series for the model period of record.
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Silver Lake

Silver Lake

l. Overview

Silver Lake dam is located in the Town of Harrisville, NH and forms the headwaters of Minnewawa
Brook. This dam is owned and operated by the State of New Hampshire Water Resources Board. It is
primarily used for recreation with also some flood control benefits.

Figure 1 shows the location of Silver lake dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Silver Lake dam.

Silver Lake_In

=

Y67 g
£

@]

—

Silver Lake

Silver Creek+Silver Lake

innewawa Brook+ Silver Creek

o onmecticut at outh

Figure 1: HEC-ResSim Map Display Showing Location of Silver lake
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Silver Lake

Figure 2: Photo of Silver Lake

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3%°. The dam consists of a
controlled and an uncontrolled outlet as shown in Figure 4°*.

% NHDams Data Sheet. Silver Lake. 2007
! New Hampshire Water Resources Board. 1978
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Silver Lake

f -

=)

Reservoir Edit Pool
Resenvoir ’Sihfer Lake v] Description | E]| (W][«] 340f74|@@
Physical |Qperaﬁons Observed Data|
A silver Lake Silver Lake-Pool
@ Linear Interpolation () Conic Interpolation  [nitial Conic Depth (f)
4 Controlled Qutlet
<> Uncontrolled Outlet F— Storage e
(ft) (ac-ft) (acre)
1312.00 0.00 1,330
1316.00 1200.00 1325
1321.00 2900.00 € 14
1326.00 4600.00 B
1331.00 5300.00 558
1,310 T T T T 1
0 2,000 4,000 6,000
Stor (ac-ft)
1,330
_ 1,325
=
%’ 1,320
o 1,315
130T T T T T T T 1T
0 1,500 3,000 4500
Area [acre)
0K ” Cancel ] | Apply
4
Figure 3: Reservoir Editor: Physical Tab -- Pool
f > ™
Dot ==
Reservoir Edit Dam
Reser\foir[smerLake v] Descripti0n| E]l (][] 34 or 74 [ ][m]
Physical | Operations | Observed Data|
Silver Lake Silver Lake-Dam
Poal
SvdDam | Elevati
; evation at top of dam (ft) .
9 Controlled Cutlet | 1324.5|
< Uncontrolled Outlet Length attop of dam (ft) | aU.u|
Composite Release Capacity
Elevation Controlled Uncontrolled Total
(ft) (cfs) (cfs) (cfs) 1-332:
1,316.8 0.0 0.0 0.0/~ 5 iS5
1,321.0 230.0 0.0 230.0[ | § & 13243
1,322.0 268.0 34.5 302.5 2 1,320
1,324.5 363.0 232.0 595.0 136 T 1T
1,326.0 420.0 1,034.0 1,454.0 0 3,000 6,000
1,328.0 420.0 2,944.0 3,364.0(_ Flow
1,330.0 420.0 5,487.0 5,807.0] (cfs)
QK ] ’ Cancel ] | Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Silver Lake

lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Bashan’s
“Guide Curve” operational zones, which consist of zones of Flood Control (1322 ft), Conservation (1318-

1321 ft), and Inactive zone (1315 ft)".

r .
K71 Reservoir Editor

|

Reservoir Edit Operations Zone Rule IF_Block

Resenoir | Silver Lake + | Description

Physical | Operations | Observed Data

) [W][a] 34 0f 74 ][ m]

Cperation Set :Guide Curve v: Description E]
Zone-Rules | | | |
@ Flood Control ; -
Conservation
‘ Storage Zone Description E]
wh [nactive Function of |pate
Date Top Elevation (ft)
01Jan 1318.0] » 1,323
14May 1218.0) 1,322
| 15May 1321.0 1,321 ]
120ct 1321.0 & 1,3204
1300ct 1318.0) | 2 1,319
= (=]
E 1,318+
4 317
L
1,316
b 1,315
1,314 T T T T T
= Jan Mar May Jul Sep Moy
Zone Sort Elevation
[ Ok ] l Cancel Apply

Figure 5: Reservoir Editor: Operations Tab — Guide Curve OpSet

B. Rule lllustrations

The operation set for Silver Lake has no rules of operation making it a flow through reservoir. The pool

elevation will remain at the top of conservation unless the inflow exceeds the total release capacity.
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Somerset

l. Overview

Somerset

Somerset dam is located on the East Branch of the Deerfield River, and is the furthest upstream. It is

owned and operated by TransCanada Hydro Northeast Inc. as a storage reservoir to make releases to its

downstream hydro facilities.

Figure 1 shows the location of Somerset Dam as it is represented in the HEC-ResSim model. Figure 2

shows a photo from Somerset dam.
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Figure 1: HEC-ResSim Map Display Showing Location of Somerset
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Somerset

Figure 2: Photo of Somerset Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°°. The dam consists of
four types of outlets: (1) controlled outlet, (2) uncontrolled outlet, (3) 14 inch valve, and (4) 42 inch
valve as shown in Figure 4.

> Data provided by TransCanada
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Somerset

, ™
[ Reservor Editor el

Rezervoir Edit Pool

Reser\«'mr Description [:]| Em 370f74|m@

Physical Qperations | Observed Data|

A somerset Somerset-Pool

1rool]
inear Interpolation ) ConicInterpolation  Initial Conic Depf
E‘"UE“'“ Linear Interpolati ) ConicInterpolation Initial Conic Depth (f)
Controlled Outlet
2 :J:ic:gr:rsgli: Outlet Elevation Storage Area
% 42inchvalve @) EFY) EEE)
2061.58 1020.80 o
2061.68 1036.61 =
2061.78 1052.42 2,140
2061.88 1068.24] 2120
2061.98 1084.05 e
2062.08 1099.86 = 21007
2062.18 1116.67 T 20804
2062.28 1131.49 -
2062.38 1147.30 ! L !
206248 1163.11 O Emom Enmn
2062 58 1178.92 Stor (ac-f)
2062.68 1194.74 2140
2062.78 1210.55 ]
2062.88 1226.36 21207
2062.98 124217 S 21009
206308 1257 99 2 o]
206318 1273.80 T
2063.28 1289.61 00T T
206338 1305.42 600 1,200 1,800
2063.48 1321.24 Area (acre)
2063.58 1337.05
2063.68 1352.86
2063.78 1368.67
2063.88 1384.49 -
OK H Cancel ] Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

' ™
I3 Resenvoir Editor e e v B —— — i
Reservoir Edit Dam
0 @@ zrarsf5)5

Ehysical ‘ Operations I Observed Data|
A Somerset Somerset-Dam
8 Pool
2R Dam| Elevation at top of dam (ﬂ)| 2166.6|
4 Confrolled Qutlet
<> Uncontrolled Outlet Length at top of dam (ft) | 2101_0|
% 14inchvalve
-4 42 inch valve Composite Release Capacity
Elevation Controlled Uncontrolled Total
(f) (cfs) (cfs) (cfs) 21607
2,100.0 706.0 0.0 7060 | 5 21407
2,105.0 744.0 0.0 744.0/ 0| T g 21207
2,107.0 758.4 0.0 758.4 2 2100
2,110.0 1,014.8 0.0 1,014.8 T T
2,115.0 1,442.2 0.0 1,442.2 g 8,000
,115. ,442. . (442,
2,120.0 1,867.6 0.0 1,867.6 Flonwy
2,125.0 2,293.0 0.0 2,293.0 (cf3)
2,130.0 2,716.4 0.0 2,716.4
2,133.6 3,019.5 0.0 3,019.5
2,133.6 3,020.4 1.0 3,021.4
2,133.6 3,021.2 2.0 3,023.2
2,133.6 3,022.1 3.0 3,025.1
2,133.6 3,022.9 4.0 3,026.9
2,133.6 3,023.8 6.0 3,029.8
2,133.6 3,024.6 8.0 3,032.6
2,133.6 3,025.5 10.0 3,035.5
2,133.7 3,026.3 12.0 3,038.3
2,133.7 3,027.2 15.0 3,042.2
2,133.7 3,028.0 18.0 3,046.0
2,133.7 3,028.9 21.0 3,049.9| 7
OK ] [ Cancel ] Apply
. ——

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Somerset

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Somerset’s
“ExistingOps” operational zones, which consist of zones of Top of dam (2166.6 ft), conservation (2131-
2136.6 ft), Min Pool (2107 ft), and Inactive zone (2048.1 ft)".

- - ™y
:I Reservoir Editor — — — . | i — — M

Reservoir Edit Operations Zone Rule IF Block

Reservoir :Somerset v: Description 3 E]@ a7 of 74 @E]
Physical | @perations | Observed Data

Operation Set :ExistingDps v: Description ]

Zone-Rules | Rel. Alloc. | | |

Top of dam i |
: Cosenraﬁon Storage Zone |Conservation Description LJ

- B Functon of [ Define... |
18 Seasonal Min Flow Logic - Somerset Qeine

[B Max Release at Somerset

i-{ } Max Operating Elev. Date Top Elevation (ft) 2
*-{ } Ramping Discharge 01Jan 2136.6| - ' N
& 1in Pool 30Apr 2136.6 21607
A [nactive 01May 2131.0 21404
31Jul 2131.0 = ! | S—
01Aug 2136.6 = 21209
o
3Dec 2136.6 E 2100
5]
w 20804
2,060
2,040 T T T T T
Jan Mar May Jul Sep Moy

Zane Sort Elevation

’ OK ] ’ Cancel Apply

— = =

Figure 5 Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve

Figure 6 shows a sequential release allocation approach specified for available outlets along Harriman
Dam. The available outlets are given an order of priority for release. The controlled outlet gets the
release first until it reaches release capacity. The 14 inch valve and 42 incj valve gets the remainder of
the release.
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Somerset

K Reservoir Editor — - — - .

Reserveir Edit Operations

Resenoir | sgmerset ~ Description

Physical| Operations | Obsemnved Data

Operation Set :ExistingDps v: Description

Zone-Rules | Rel. Alloc. | | |

Release Allocation Strategy

Somerset - Sequential Release Location: Somerset-Dam

Somerset-Dam - Sequential ) r
Allocation Type: ‘Sequential

< Somerset-Controlled Outlet

Somerset-14 inch valve
g Somersetd?2 inch valve Somerset-Controlled Outlet
Somerset-14 inch valve

Somerset-42 inch valve

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation

B. Rule lllustrations

Figure 7 shows a set of operational rules specified for each zone that reflects the operation set named

Existing Ops™°.

E7 Resenvoir Editor

Reservoir Edit Operations Zone Rule IF_Block

Resenoir | sgmerset - | Descri

Physical| @perations | Observed Data

Operation Set | ExistingOps

Zone-Rules | ReI.Nloc.l |

o™ Top of dam
~Jconservation|
=-{ ¥ loon nesting
== |F (15 May-15 Jul)
[ Increasing rate of change
[l decreasing rate of change
----- [E Seasonal Min Flow Logic - Somerset
----- [E Max Release at Somerset
- } Max Operating Elev.
== |F (glev==2133.55)

[l inflow Rel.
=-{ } Ramping Discharge

- |F (ALg-Apr)
[l ROC Increase - Somerset

[l ROC Decrease - Somerset

# in Pool
M [nactive

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

% TransCanada. Deerfield River Operational Constraints. 2012.
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Somerset

C. Rule Descriptions

1. Loon nesting

Figure 8 shows the content of “loon nesting” rule. This rule limits the maximum and minimum
rate of elevation change to one foot per 1440 hours during May15-Jul 15.

Operation Set :ExistingDps

v: Description

Zone-Rules | Rel.NIoc.I |

#m Top of dam
# Conservation
SR B 1000 nesting]
EI-P IF (15 May-15 Jul)
-[@ Increasing rate of change
--[B decreasing rate of change
----- [@ Seasonal Min Flow Logic - Somerset
----- [ Max Release at Somerset
= } Max Operating Elev.
El-b IF (elev==2133 55)
-l inflow Rel.
=-{ } Ramping Discharge
- |F (Aug-Apr)
[l ROC Increase - Somerset
[l ROC Decrease - Somerset
# Min Pool
o [nactive

Operates Release From: Somerset

MName: ||pon nesting Description:

=1

Type Mame
IF [15 May-15 Jul |

Description

Operation Set iExistingDps

'i Description

Zone-Rules | Rel.NIoc.l |

o™ Top of dam
#® Conservation
=-{ } loon nesting
ER g (1511215 Ju)
[i Increasing rate of change
[l decreasing rate of change
----- [E Seasonal Min Flow Logic - Somerset
----- [E Max Release at Somerset
=-{ } Max Operating Elev.
El* IF (elev==21332.55)
“ [l inflow Rel.
=-{ } Ramping Discharge
EH- = IF (Aug-Apr)
[l ROC Increase - Somerset
[l ROC Decrease - Somerset
w& [in Fool
#m [nactive

Operates Release From: Somerset

IF Conditional |15 May-15 Jul Description:

Yalue1 Value2
Current Time Step == 15May

AMD Current Time Step == 154ul

O

C Add Cond

Del. Cond.

Move Down

Logical Operator: [ |

Value 1 iTime Saries vi Pick Value
Opera... :: .:

Value 2 :Constant v:
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Somerset

Operation Set :ExistingDps

v: Description

Zone-Rules | Rel_AJIUc_I |

™ Top of dam
# Conservation
=-{ } loon nesting
== |F (15 May-15 Jul)
& Jincreasing rate of change
‘[l decreasing rate of change
----- [ Seasonal Min Flow Logic - Somerset
----- [ Max Release at Somerset
=-{ } Max Operating Elev.
== |F (elev==2133.55)
[l inflow Rel.
=-{ } Ramping Discharge
= |F (Aug-Apr)
-l ROC Increase - Somerset
""" @ ROC Decrease - Somerset
# Min Pool
A [nactive

Operates Release From: Somerset

Elevation Rate of Change Limit Increasing rate of change

Description

Function OF | constant
Type :Increasing
() Instantaneous
@ Period Average

Max Change of (ft) 1.0/ over

144g | hours

Operation Set :ExistingDps

v: Description

Zone-Rules | ReI.NIGC.I I

o Top of dam
# Conservation
=-{ } loon nesting
== |F (15 May-15 Jul)
-[@ Increasing rate of change
o
""" (@ Seasonal Min Flow Logic - Somerset
----- [ Max Release at Somerset
=-{ } Max Operating Elev.
Er-l IF (elev==2133.55)
[l inflow Rel.
=-{ } Ramping Discharge
== |F (Aug-Apr)
[l ROC Increase - Somerset
[l ROC Decrease - Somerset
o Min Pool
o [nactive

(Operates Release From: Somerset

Elevation Rate of Change Limit decreasing rate of change

Description
Function O | constant
Type :Decreasing
(1 Instantaneous
@ Period Average

Max Change of (ft) 1.0/ ower

1440 hours

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — loon nesting
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Somerset

2. Seasonal Min Flow Logic-Somerset
Figure 9 shows the content of “Seasonal Min Flow Logic-Somerset” rule. This rule represents the
seasonal minimum flow from reservoir as a function of Inflow.

Operation Set :ExistingDps

v: Description

Zane-Rules | Rel. Alloc.

O

@ Top of dam
wn Conservation
=-{ } loon nesting
B IF (15 May-15 Jul)
-[@ Increasing rate of change
[l decreasing rate of change
]
-[@ Max Release at Somerset
¥ Max Operating Elev.
. == |F (elev==2133.55)
@ inflow Rel.
E!--{:}

Ramping Discharge
== |F (Aug-Apr)
[l ROC Increase - Somerset

o™ Iin Pool
o [nactive

Operates Release From: Somerset

Rule Name: |yin Flow Logic- Somerset| Description: water Quality Certification Document (Page 12) states at[)

Function of | gomerset-Poal Met Inflow, Current Value

Limit Type: | Minimum « | Interp.: [Linear -
5 a0
Flow Release (cfs) @ 404
(13} | p1Jan | O1Mar | 01May | 01Aug | 010ct | 01Nov L e e B s B
o 40,000 20,000 120,000
0.0/ 1000[ 300 9.0 120/ 300] 100.0] - Flow 15>
9.0 1000/ 300 g0 120/ 300/ 100.0)
120/ 1000] 300/ 120[ 120] 30.0[ 1000 . - .
123456.0) 1000 30.0] 420 120/ 30.0] 100.0 L e Edit..

[T Hour of Day Multiplier

m

[] Day of Week Multiplier

—| FIRisingFalling Condition

Seasonal Variation Edit...

Figure 9:
Somerset

3. Max Release at Somerset

Figure 10 shows the content of “Max Release at Somerset” rule. This rule represents the
seasonal maximum flow from reservoir based on Inflow.

Operation Set ExistingOps

'i Description

Zone-Rules | Re|_m|oc_| |

Reservoir Editor: Operations Tab — Existing Ops OpSet — Seasonal Min Flow Logic-

@ Top of dam

# Conservation

=-{ } loon nesting

= = |F (15 May-15 Jul)

----- @
=-{ } Max Operating Elev.

EI* IF (eley==2133.55)
[l inflow Rel.
=-{ } Ramping Discharge
== |F (Aug-Apr)

------ [l ROC Decrease - Somerset

# Nin Pool
M [nactive

[ Increasing rate of change
------ [@ decreasing rate of change
----- @ Seasonal Min Flow Logic - Somerset

[l ROC Increase - Somerset

Operates Release From: Somerset

Limit Type: | Maximum - Interp: | Linear

Rule Name: ||ax Release at Somerset | Description:

Function of | somerset-Pool Net Inflow, Current Value

-

13

Flow Release (cfs)
(cfsh | pquan 15May 16Jul
00| 2120/ 1224580 2120
3120| 3120 1234560 3120)
1000.0] 1000.0| 123456.0] 1000.0
2000.0| 20000 123456.0/ 2000.0

m

120,000 J
£0,0007
40,0003
[L i s e e e s
0 400 200 1,200 1600 2,000

Flow {zfs)

Releaze (&fs)

|| Period Average Limit
[ Hour of Day Multiplier

] Day of Week Multiplier
[ Rising/Falling Condition
Seasonal Variation Edit...

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max release at Somerset
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Somerset

4. Max Operating Elev.

Figure 11 shows the content of “Max Operating Elev” rule. This rule makes the release equal to

inflow when the pool elevation is higher than 2133.55.

Operation Set :ExistingDps

v: Description

Zone-Rules | Rel. Alloc. | |

™ Top of dam
™ Conservation
=-{ } leon nesting
B* IF (15 May-15 Jul)
[l Increasing rate of change
[l decreasing rate of change
""" B Seasonal Min Flow Logic - Somerset
""" [E Max Release at Somerset
ER§11ax Operating Elev |
E}* IF (elev==2133.55)
1@ inflow Rel.
=-{ } Ramping Discharge
[ m |F (ALg-Apr)
-[@ ROC Increase - Somerset

o™ [in Pool
o [nactive

MName: \ax Operating Elev. Description:

=

Type Mame
IF |elev==2133.55 |

Description

Operation Set ExistingOps

'j Description

Zone-Rules | Rel. Alloc. | |

o™ Top of dam
#™ Conservation
=-{ } loon nesting
- m |F (15 May-15 Jul)
~[@ Increasing rate of change
[l decreasing rate of change
""" [E Seasonal Min Flow Logic - Somerset
----- [B Max Release at Somerset
=-{ } Max Operating Elev.
ERgF (elev==213255)
[l inflow Rel.
=-{ } Ramping Discharge
== IF (Aug-Apr)
~[@ ROC Increase - Somerset

------ [B ROC Decrease - Somerset

#m Min Pool
o [nactive

IF Conditional | gley==2133.55 Drescription:

Value1 Value2
| Somerset-PoolElevation | == | 213355

Add Cond.

Del. Cond.

L

Move Up
Move Down
Fualuata
Logical Operator: [ ]|
Valug 1 :Time Series v: Pick Value
Operat.. [= |
Value 2 :Constant v:
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Somerset

Operation Set :ExistingDps

v: Description

Zone-Rules | Rel_AJIUc_l |

™ Top of dam
s Conservation
=-{ } loon nesting
E}ﬂ' IF {15 May-15 Jul)
[ Increasing rate of change
‘[l decreasing rate of change
----- [ Seasonal Min Flow Logic - Somerset
----- [@ Max Release at Somerset
=-{ } Max Operating Elev.
E}ﬂ' IF (elev==2133.55)
& Jinfow Rel |
=-{ } Ramping Discharge
== |F (Aug-Apr)
[l ROC Increase - Somerset
[l ROC Decrease - Somerset
™ Min Fool
o [nactive

Operates Release From: Somerset
Rule Name: |inflow Rel. Description:

Function of  somerset-Pool Net Inflow, Current Value

Limit Type: | Minimum | Interp. |Linear »

Define

B

. 12,000
5 s000]
Flow (cfs) Release (cfs) ¥ 40007
0.0 0.0f - % [Uls e R S e e T
100000 100000 x 0 2000 4000 6,000 8,000 10,000

Flow (cfs)

[7] Period Average Limit

[ Hour of Day Multiplier

[ Day of Week Multiplier

[7] Rising/Falling Condition

-

[7] seasonal Variation

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Operating Elev.
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5. Ramping Discharge

Figure 12 shows the content of “Ramping Discharge” rule. This rule limits the maximum increasing
rate of release change to 4.1667 (cfs/hr) and the maximum decreasing rate of release change to

2.0833 (cfs/hr) during Aug-Apr.

Operation Set :ExistingDps

v: Description

Zone-Rules | Rel. Alloc. | |

o Top of dam
# Conservation
=-{ } loon nesting
Eiﬂ’ IF {15 May-15 Jul)
(@ Increasing rate of change
“-[l decreasing rate of change
""" [E Seasonal Min Flow Logic - Somerset
----- [E Max Release at Somerset
=-{ } Max Operating Elev.
Ei* IF (elev==2133.55)
[l inflow Rel.
SRR amping Discharge|
== |F (Aug-Apr)
[l ROC Increase - Somerset
[l ROC Decrease - Somerset
M Min Fool
o [nactive

Operates Release From: Somerset

MName: |Ramping Discharge Description: |per Deerfield schematic

1

Mame Description

IF |Aug-Apr |

Type

Cperation Set :ExistingDps

v: Description

Zone-Rules | Rel. Alloc. | I

# Top of dam
#h Conservation
=-{ } loon nesting
Ei* IF (15 May-15 Jul)
~[W Increasing rate of change
‘[l decreasing rate of change
----- [ Seasonal Min Flow Logic - Somerset
----- @ Max Release at Somerset
=-{ } Max Operating Elev.
EI* IF (elev==2133.558)
[l inflow Rel.
=-{ } Ramping Discharge
BN F o o)
~ [l ROC Increase - Somerset
[l ROC Decrease - Somerset
a Nin Pool
M nactive

Operates Release From: Somerset

IF Conditional | aug-apr Description:

Value1 Value2

Current Time Step ==
Current Time Step ==

01Aug
30Apr

AND

Del. Cond.

Mowve Up

Move Down

s

Logical Operator: | |
value 1 Time Series -

Operat.. [= |

Value 2 Constant -

Pick Value
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Somerset

Operation Set ExistingOps

'i Description

Zone-Rules | Rel. Alloc. | I

m Top of dam
w* Conservation
=-{ } loon nesting

Operates Release From: Somerset
Release Rate of Change Limit ROC Increase - Somerset

E‘* IF (15 May-15 Jul) Description: E]
-[@ Increasing rate of change ) .
[l decreasing rate of change Function Of. Constant b
----- [ Seasonal Min Flow Logic - Somerset : - .
----- [B MaxRelease at Somerset Type Increasing i
-{ } Max Operating Elev. Max Rate of Change (cfs/hr) 41667
E\‘* IF (elev==2133.55) :
[l inflow Rel.
=-{ } Ramping Discharge
= |F (Aug-Apr)
R JROC Increase - Somerset
[l ROC Decrease - Somerset
# Nin Pool
o [nactive
Operation Set :ExistingDps v: Description
Zone-Rules | Rel. Alloc. | |
. EUP ofdar: Operates Release From: Somerset
@ Conservation -
EI{} loon nesting Release Rate of Change Limit ROC Decrease - Somerset
- = IF (15 May-15 Jul) T T O
[ Increasing rate of change ) :
“[W decreasing rate of change Function Of: Constant b
----- [ Seasonal Min Flow Logic - Somerset - : .
----- @ Max Release at Somerset Type  Decreasing =
-1 } Max Operating Elev. Max Rate of Change (cfs/hr) 20833

= IF (elev=-=2133 55)
[l inflow Rel.
=-{ } Ramping Discharge
= = |F (Aug-Apr)
-l ROC Increase - Somerset
a Min Pool
M [nactive

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — Ramping Discharge

500



Sugar

Sugar

l. Overview

Sugar dam is located on the Sugar River in the town of Newport, NH. It is owned and operated by
Sweetwater Hydroelectric, Inc. and is used for hydropower generation.

Figure 1 shows the location of Sugar dam as it is represented in the HEC-ResSim model. Figure 2 shows
a photo of Sugar dam.

W
—~
O.' Second Connecticut Lake_Inf
—

P

R 11 usse§1

L
. g cticut-Upper Ammonoosuc
[

agcticutriells

i
_F[oodplainm

Sugar

132F

onmegticut at fouth
o

Figure 1: HEC-ResSim Map Display Showing Location of Sugar Dam

501



Sugar

Figure 2: Photo of Sugar dam

Il Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3**. The dam consists of
three types of outlets: (1) controlled Waste Sluice, (2) uncontrolled outlet, and (3) controlled Inlet pipe
for pump power generation as shown in Figure 4.

** NHDams Data Sheet. Sugar River Mill Dam. 2010.
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Sugar

ﬂ Reserveir Editer

Reservoir Edit Pool

Reservoir [Suga.r v] Description

0] [W][a] 30 or 74 ](n]

Physical | gperations | Observed Data

‘ Sugar
&

Sugar-Pool

=-57 Dam

ry Linear Interpolation
Waste Sluice

() Conic Interpolation

Initial Conic Depth (ft)

<> Uncontrolled Qutlet

Q Inlet pipe for pump power generation EEEmI SEEE —
{ft) {ac-t)y {acre)

1075.50 0.00 0.00

1090.50 16340.00 4085.00

1099.20 32500.00 4500.00

Elew [ft)

1,400
1,095
1,090
1,085

T T T 17T
15,000 30,000

Star (ac-1t)

1}

T T T T 17T
1,500 3,000 4500

Area (acre)

1}

Figure 3: Reservoir Editor: Physical Tab -- Pool

Reservoir Edit Dam

Reserveir Editor

Resenoir [Suga.r v] Description |

0] [](a] 20 or 74 ][]

Physical | Operations | Obsenved Da.ta.|

A Sugar

Sugar-Dam
' FPool
v Elevation at toj
p of dam (ft) .
4 Waste Sluice | 1095 0|
<> Uncontrolled Outlet Length attop of dam (ft) | 71_0|

----- Q Inlet pipe for pump power generation
Composite Release Capacity

Controlled
(cfs)

Elevation
(ft)

Uncontrolled
(cfs)

1,083.0 0.0

0.0
421.0 0.0

1,090.5

Al hEe 461.0 1,061.

1,082.5 498.0 2,122.5

1,083.5 533.0 35 1A2CH

1,094.5 565.0 4,245.1

1,085.5 5985.0 5,306.3

1,096.5

625.0

6,367.6

1,087.5 652.0

7,428.9

1,088.5 679.0 8,490.1

Al 696.0 9,233.0

Elevation

1,008
1,092
= -

1,086

TTTTTTTTT
6,000
Flow
(cfs)

0

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Sugar

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Sugar’s “Guide
Curve” operational zones, which consist of zones of Flood Control (1094.5 ft), Conservation (1090.5 ft),
and Inactive zone (1076 ft).

~ > ™y
K Reservoir Editor ﬁ
Reservoir Edit Operations Zone Rule IF_Block
Resenoir | gugar ~ | Description o E@ 30 of 74 @E]
-Ehysical Operations | Opserved Data
Operation Set :Guide Curve v: Description C]
Zone-Rules | | | |
@ Flood Control . L
Conservation
‘ Storage Zone Description E]
N [nactive Function of |pate
Date Top Elevation (ft)
01Jan 1090.5| - 1,095
1,090
£
5 1,085
' g
F
L1060
1,075
T T T T T
- Jan Mar May  Jul Sep Mov
Zone Sort Elevation

[ OK ] [ Cancel Apply

Figure 5: Reservoir Editor: Operations Tab —Guide Curve OpSet — Guide Curve

B. Rule lllustrations

The operation set for Sugar has no rules of operation making it a flow through reservoir. The pool
elevation will remain at the top of conservation unless the inflow exceeds the total release capacity.
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Surry Mountain

Surry Mountain

l. Overview
It was

Surry Mountain Dam is a dam upstream of Keene, New Hampshire on the Ashuelot River.
constructed by the US Army Corps of Engineers in 1941 and is still owned and operated by the Corps. It

is primarily used for flood control purposes but also for recreation.

Figure 1 shows the location of Surry Mountain Dam as it is represented in the HEC-ResSim model. Figure

2 shows a photo of the dam.
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8- C o™ :
',?bq ﬂ Ut || Ea
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Figure 1: HEC-ResSim Map Display Showing Location of Surry Mountain dam
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Surry Mountain

Figure 2: Photo of Surry Mountain Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3. The dam consists of
two types of outlets: (1) controlled Broome gates, and (2) uncontrolled spillway, as shown in Figure 4.
All physical and operations data were provided by US Army Corps New England District, through both a
previously created ResSim model and the Reservoir Regulation Team website®.

% http://rsgisias.crrel.usace.army.mil/nae/cwms_map.map_index
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Surry Mountain

-
Kl Reservoir Editor

- —— -~ S5)

Reservoir Edit Pool

Resenvoir | surry Mountain - | Description

0] (@) 35 074 (3]0

Physical | Operations | Observed Data|
A: Surry Mountain Surry Mountain-Pool
EaiPool
@ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft) l:l
Elevation Storage Area
() (ac-t) (acre)
0.00 0.00 0.00] »
1.00 10.00 15.00 |
2.00 20.00 30.00 80
3.00 30.00 40.00] &0
4.00 40.00 56.00|7 e ]
5.00 50.00 70.00 3 407
.00 70.00 85.00 T 204
7.00 90.00 100.00 D_
8.00 110.00 120.00 T T
9.00 120.00 140.00 L A AR
(| 10.00 140.00 185.00 Stor (ac-f
11.00 160.00 175.00 80
12.00 190.00 195.00 60:
13.00 210.00 215.00 = 1
14.00 230.00 240.00 = 4U:
15.00 250.00 260.00 2 5]
16.00 269.00 278.00 7
17.00 558.00 296.00 0 I
13.00 864.00 314.00 o Ew A0
19.00 1187.00 332.00 Area (acre)
20.00 1528.00 350.00
21.00 1885.00 364.00
22.00 2286.00 378.00
23.00 2641.00 392.00) 7
[ OK H Cancel Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

il 9
n Reservoir Editor

— - —— -~ =)

Reservoir Edit Dam

Resenvoir | syrry Mountain ~ Description

] [w][a) 36 o174 )] [m]

Physical | Operations | Observed Data|

A Surry Mountain Surry Mountain-Dam

Elevation at top of dam (ft) 23.0

Length attop of dam (ft) 1800.0

Composite Release Capacity

Elevation | Controlled | Uncontrol.. Total
() (cfs) (cfs) (cfs) B0
0.0 0.0 0.0 0.0|«| § 03
2.0 0.0 0.0 0.0/ & &3
3.0 0.0 0.0 0.0 & 207
4.0 0.0 0.0 0.0/ L
2.0 0.0 0.0 0.0 0 30,000 60,000
9.0 0.0 0.0 0.0/l 4 Flowy
| 10.0 0.0 0.0 0.0 (cfs)
11.0 0.0 0.0 0.0
14.0 0.0 0.0 0.0
14.5 0.0 0.0 0.0
15.0 16.0 0.0 16.0
16.0 300.0 0.0 300.0
16.5 540.0 0.0 540.0
17.0 240.0 0.0 840.0
17.5 980.0 0.0 980.0
18.0( 1,100.0 0.0] 1,100.0
19.0[ 1,136.0 0.0] 1,136.0
20.0( 1,180.0 0.0| 1,180.0
21.0[ 1,220.0 0.0| 1,220.0
22.00 1,250.0 0.0l 1,250,007
[ OK H Cancel Apply
" — J

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Surry Mountain

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Surry
Mountain’s “ExistingOps” operational zones, which consist of zones of Surcharge-near TOD (83 ft),
Surcharge (75 ft), Flood Control (65 ft), Conservation (15-18 ft), and Inactive zone (O ft).

- - B
B Reservoir Editor [&J

Reservoir Edit Operations Zone Rule IF_Block

Reservoir :Surr],r Mountain v: Description o E@ 36 of 74 [B[E

Physical | Operations | Observed Data

Operation Set iExistingDps 'i Description [

Zone-Rules | | | |

™ Surcharge - near TOD
[l Broome Gate Ops - Save Dam

M8 Surcharge Function of |pate -
----- @ Min Flow - Flood Pool - Surry m

Storage Zone Conservation Description |Pool elevations up ttE]:

""" B MWax Release at Surry _
""" @ Connecticut at Montague - Linear Date Top Elevation (ft) o
----- @ Broome Gate Ops 01Jan 18.0| = ol
----- B Wax Flow at Keene 31May 18.0 il

i Flood Control 01.Jun 15.0 5
----- B Max Flow at Keene 30Nav 15.0 & o
----- @ Min Flow - Flood Paol - Surry 01Dec 18.0 = 5”_
----- W MaxRelease at Surry 2 gg_
""" [l Connecticut at Montague - Linear F
----- @ MAX ROC-Increasing w M~
----- @ MAX ROC-Decreasing 107

S [ Max Pool Elev ROC ]

----- [ Max Quiflow equals Max 21 day Inflow -10 e e

JConservation | Jan Mar May Jul Sep Mow
----- @ Min Flow Logic- Surry

. W Max Flow at Keene

----- @ Connecticut at Montague - Linear
""" B MAX ROC-Increasing
""" B MAX ROC-Decreasing
----- [ Max Pool Elev ROC i

m [nactive

Zone Sort Elevation

[ QK H Cancel H Apply

= J

L

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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Surry Mountain

B. Rule lllustrations
Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named

Existing Ops. As described in the Simulation/Verification section of the report, adjustments were made
to the operations to closer match gauge data.

:i Reservoir Editor

Reservoir Edit Operations Zone Rule IF_Block

ReSeNoir | syurry Mountain ~ | Descriptic

Physical | Operations | Opserved Data

Operation Set :Existing[}ps

Zone-Rules | | |

i Surcharge - near TOD
[l Broome Gate Ops - Save Dam
M Surcharge

----- @ Min Flow - Flood Poal - Surry

----- [ Max Release at Surry

----- (@ Connecticut at Montague - Linear
----- @ Broome Gate Ops

----- @ Max Flow at Keene

|\ Flood Caontrol

----- @ Max Flow at Keene

----- @ Min Flow - Flood Poal - Surry

----- [ Max Release at Surry

----- (@ Connecticut at Montague - Linear
----- [l MAX ROC-Increasing

----- [l MAX ROC-Decreasing

----- [ Max Pool Elev ROC

----- (@ Max Qutlow equals Max 21 day Inflow
L Jconservation

----- @ Min Flow Logic- Surry

----- @ Max Flow at Keene

----- (@ Connecticut at Montague - Linear
----- [l MAX ROC-Increasing

----- [l MAX ROC-Decreasing

----- [ Max Pool Elev ROC

o [(nactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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Surry Mountain

C. Rule Descriptions

1. Broome Gate Ops-Save Dam
Figure 7 shows the content of “Broome Gate Ops-Save Dam” rule. This rule represents the
maximum allowable release from Slide gates as a function of pool elevation when the pool is in

Surcharge-near TOD zone.

Operation Set :ExistingDps

v: Description

Zone-Rules | | |

&)

® Surcharge - near TOD

i _JBro0me Gate Ops - Save Dam
o™ Surcharge

----- [ Min Flow - Flood Pool - Surry

----- B MaxRelease at Surry

----- [ Connecticut at Montague - Linear
----- @ Broome Gate Ops

----- B Max Flow at Keene

#™ Flood Control

----- B Max Flow at Keene

----- [ Min Flow - Flood Pool - Surry

----- B MaxRelease at Surry

----- [ Connecticut at Montague - Linear
----- B MAX ROC-Increasing

----- B MAX ROC-Decreasing

----- [ Max Pool ElevROC

----- B Max Qutflow equals Max 21 day Inflow
o™ Conservation

----- @ Min Flow Logic- Surry

----- B Max Flow at Keene

----- [ Connecticut at Montague - Linear
----- B MAX ROC-Increasing

----- B MAX ROC-Decreasing

----- [ Max Pool ElevROC

o [nactive

| I | ¥

Operates Release From: Surry Mountain-Broome Gates

Rule Name: yme Gate Ops - Save Dam | Description: )

Function of: | tain-Pool Elevation, Period Average, 0.0 hr lag, 48.0 hr period

Limit Type: |Maxim.. - Interp.|Lin. «|

Elev (ft) Release (cfs)
75.0 0.0] -
78.0 800.0
80.0 1600.0
83.0 1600.0

-

1,600
1,200
800
400
0

Release {cfs)

T T T T T T T
TATE TY 73 79 80 81 32 83
Elev ()
[7] Period Average Limit
[~ Hour of Day Multiplier

[ Day of Week Multiplier

[ Rising/Falling Condition
[7] seasonal Variation

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Broome Gate Ops-Save Dam
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Surry Mountain

2. Min Flow-Flood Pool-Surry
Figure 8 shows the content of “Min flow-Flood Pool-Surry” rule. This rule shows the required
minimum release from dam during flood control operations.

Operation Set :ExistingDps v: Description [:]
Zone-Rules | | |
#h Surcharge - near TOD Operates Release From: Surry Mountain

------ [E Broome Gate Ops - Save Dam
™ Surcharge

----- Y Min Flow - Flood Pool - Surry o

-[l Max Release at Surry Function of. |Date
----- [B Connecticut at Montague - Linear
----- B Broome Gate Ops

Rule Name: | Flow - Flood Pool - Surry| Description: (]

Limit Type: |[Minimu.. v | Interp: [Step |

-~ ?O:LEEEI;‘&EI Keene Date Release (cfs) . |
----- W Max Flow at Keene 01Jan 750+ 8 752+
----- [ Min Flow - Flood Pool - Surry @
----- [E Max Release at Surry @ 748
-[@ Connecticut at Montague - Linear = - 4:
----- [E MAX ROC-Increasing o | | |

----- @ MAX ROC-Decreasing e ng Sép

-[@ Max Pool Elev ROC

----- B Max Outflow equals Max 21 day Inflow

@ Conservation

----- [ Min Flow Logic - Surry [ Hour of Day Multiplier

----- [ Max Flow at Keene o

-[@ Connecticut at Montague - Linear [Tl Day of Week Muliiplier

""" [@ WAX ROC-Increasing [] Rising/Falling Condition
B M&X ROC-Decreasing o

..... B Max Pool Elev ROC Seasonal Variation Edit...

o [nactive

[ Period Average Limit

4 1 | »

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow-Flood pool-Sury

3. Max Release at Surry
Figure 9 shows the content of “Max release at Surry” rule. This rule shows a seasonal maximum
allowable release from dam.

Operation Set | ExistingOps v | Description [
Zone-Rules | | |
#A Surcharge - near TOD Operates Release From: Surry Mountain

[l Broome Gate Ops - Save Dam
A Surcharge

-l Min Flow - Flood Pool - Surry TrETman
™ §Max Release at Surry unction ot | Date
Connecticut at Montague - Linear -
g Broome Gate 0¥ps ’ Limit Type: |Maxim.. v | Interp.|Step |

Rule Name: |Max Release at Surry Description: | maximum release rate from Ot

- EogLaéEIr?t:\;lat Keene Date Release (cfs) . 1,200 7
-l MaxFlow at Keene 01Jan 1200.0| » | & 1,007
- Min Flow - Flood Pool - Surry 01May 800.0 ?3' 1,000
--[l MaxRelease at Surry 01Mov 1200.0 @ QDD:
[E Connecticut at Montague - Linear E b
-l MAX ROC-Increasing 800 ‘ | |

- [l MAX ROC-Decreasing e M;y Sr;p
[ MaxPool Elev ROC

-l Max Outflow equals Max 21 day Inflow
# Conservation

~[@ Min Flow Logic - Surry [T] Hour of Day Multiplier
-1l Max Flow at Keene

--[l Connecticut at Montague - Linear

[7] Period Average Limit

[7] Day of Week Multiplier

[@ MAXROC-ncreasing [] Rising/Falling Condition
-l MAX ROC-Decreasing . § :
[l MaxPool Elev ROC Seasonal Variation Edit...
o [nactive
4| T | » -

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Release at Surry
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Surry Mountain

4. Connecticut at Montague-Linear
Figure 10 shows the content of “Connecticut at Montague-Linear” rule. This rule represents the
maximum allowable release from the dam as a function of the previous day stage at Montague.
The previous day stage was used to account for the delay that occurs between the stage
exceeding the specified target and the change in operations at the flood control dams that

occurs in reality.

Operation Set iExistingDps

'i Description

Zone-Rules | I |

#™ Surcharge - near TOD
[l Broome Gate Ops - Save Dam
#m Surcharge

----- [E Min Flow - Flood Pool - Surry

""" [ MaxRelease at Surry

----- @
""" [® Broome Gate Ops

""" [ Max Flow at Keene

™ Flood Control

""" [ Max Flow at Keene

----- [ Min Flow - Flood Pool - Surry

""" [E MaxRelease at Surry

""" @ Connecticut at Montague - Linear
""" B MAX ROC-ncreasing

""" [ MAX ROC-Decreasing

----- [ Max Pool Elev ROC

s Conservation

""" E Min Flow Logic - Surry

""" [ Max Flow at Keene

""" @ Connecticut at Montague - Linear
""" B MAX ROC-ncreasing

""" [ MAX ROC-Decreasing

----- [ Max Pool Elev ROC

A [nactive

1| 1

""" @ Max Outflow equals Max 21 day Inflow

| »

Operates Release From: Surry Mountain

Rule Name: | cticut at Montague - Linear | Description: =)

Function of | Connecticut at Montague Stage, Previous Value

Limit Type: |Maxim.. - Interps [Lin. - |

Stage () Release (cfs)

0.0 1000000.0| »

24,99 1000000.0
25.0 1200.0
26.0 960.0
27.0 720.0
28.0 480.0
29.0 240.0
30.0 75.0
50.0 75.0

-

1,200,000

£ 800,000

= _

o 400,000+

[ak)

I _

hE L T B 111
0 10 20 30 40 50
Stage (M)

[] Period Average Limit
[ Hour of Day Multiplier

[ Day of Week Multiplier

[ Rising/Falling Condition
[7] seasonal Variation

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at Montague-Linear
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Surry Mountain

5. Broome Gate Ops
Figure 11 shows the content of “Broome Gate Ops” rule. This rule shows a seasonal maximum
release from Broome gates as a function of pool elevation when the pool is in Surcharge zone.

COperation Set :ExistingDps v: Description [:
Zone-Rules | | |
wh Surcharge - near TOD Operates Release From: Surry Mountain-Broome Gates
‘[l Broome Gate Ops - Save Dam ) o
B Surcharge Rule Name: Broome Gate Ops Description: =
----- [ Min Flow - Flood Pool - Surry _
..... [ Wax Release at Surry Function of. syrry Mountain-Pool Elevation, Period Average, 0.0 hr lay
----- [l Connecticut at Montague - Linear - r 7 r 1
Limit Type: i = Interp: Lji. -
----- [~ Y Broome Gate Ops Imtpe: M ™CP- |
----- [ Max Flow at Keene 1,600
A Flood Control Elev Release (cfs) % ' EDD:
----- @ Max Flow at Keene M | op10an | o1may | 01Mov > epid
""" [ Min Flow - Flood Poal - Surry 65.0| 1250.0 850.0) 1250.0| » % 400:
""" [l MaxRelease at Surry 5525 3330 567.0 3330 o E
----- [@ Connecticut at Montague - Linear B 5 41700 2830 417.0 - L I N A I
----- @ MAX ROC-Increasing 8575 00 00 00 64 63 72 76 80 B4
----- [@ MAX ROC-Decreasing BB O 0.0 00 0.0 Elev (ft)
----- @ Max Pool Elev ROC 75.0 0.0 0.0 0.0
----- @ Max Outflow equals Max 21 dayInflow|| 7aol 8000l 8000l 8000 7] Period Average Limit
wh Conservation 80.0) 1A00.0| 1600.0| 16000 -
""" @ Min Flow Logic - Surry 830 16000 15000 76000 | | HourofDayMultiplier
""" g Max Flow at Keene [ Day of Week Multiplier
----- Connecticut at Montague - Linear
_____ B MAX ROCIncreasing [ Rising/Falling Condition
----- [l MAX ROC-Decreasing 5 - :
easonal Variation Edit...
----- [@ Max Pool Elev ROC -
o [nactive
' 1 | ¥ i

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Broome Gate Ops
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6. Max Flow at Keene
Figure 12 shows the content of “Max Flow at Keene” rule. This rule represents the maximum
allowable flow downstream at the point Ashuelot+Otter Brook.

Operation Set :Existingops

-

Description

Zone-Rules | | |

& Surcharge -near TOD
‘[l Broome Gate Ops - Save Dam
#M Surcharge
-l Min Flow - Flood Pool - Surry
-l Max Release at Surry
-[l Connecticut at Montague - Linear
-l Broome Gate Ops
-8
A Flood Control
-l Max Flow at Keene
-0 Min Flow - Flood Pool - Surry
B Max Release at Surry
-[l Connecticut at Montague - Linear
-l MAX ROC-Increasing
-l MAX ROC-Decreasing
[l Max Pool Elev ROC
[l Max Qutflow equals Max 21 day Inflow
#A Conservation
-l Min Flow Logic - Surry
-[l Max Flow atKeene
-[l Connecticut at Montague - Linear
-l MAX ROC-Increasing
-l MAX ROC-Decreasing
~[@ Max Pool Elev ROC
o [nactive

<|

m | »

Operates Release From: Surry Mountain

Rule Name: |pax Flow at Keene

Function of: |pate

LimitType: |[Maxi.. | Interp. |Step « |
Downstream Location: |y elot+Otter Brook

Parameter: .FIUw -

Date Flow (cfs)

2500.0) -

01Jan

Flow (cf5)

2,520
2,510
2,500
2,490
2,420

Period Average Limit

Seasonal Variation

Description:

Jan

[~] Hour of Day Multiplier
[] Day of Week Multiplier

[~ Flow Contingency

Advanced Options

T T T T T
May  Sep

Edit...

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Flow at Keene

7. Max ROC-Increasing
Figure 13 shows the content of “Max ROC-Increasing” rule. This rule shows the maximum
allowable increasing release rate of change as a function of release from Surry Mountain dam.

Operation Set :Existingops

v: Description

Zone-Rules | | |

[

#® Surcharge - near TOD
[l Broome Gate Ops - Save Dam
#m Surcharge

--[l Min Flow - Flood Pool - Surry
[l Max Release at Surry

--[l Connecticutat Montague - Linear
-l Broome Gate Ops

[l Max Flow at Keene

@& Flood Control

-1l Max Flow at Keene

-/l Min Flow - Flood Pool - Surry

- [l Max Release at Surry

--[l Connecticut at Montague - Linear
-

- [l MaX ROC-Decreasing

--[l Max Pool Elev ROC

-l Max Outflow equals Max 21 day Inflow
# Conservation

--[@ Min Flow Logic - Surry

-1l Max Flow at Keene

[l Connecticut at Montague - Linear
[l MAX ROC-Increasing

-l MAX ROC-Decreasing

--[l Max Pool Elev ROC

R [nactive

Operates Release From: Surry Mountain-Dam at Ashuelot River

Release Rate of Change Limit | yax ROC-Increasing

Description:
Function Of | Release
Type 'Increasing

Interpalate | Linear

Release (cfs) | Rate Change (cf...

0.0 100.0f «
1000.0 100.0( |
10001 50.0

123456.0 50.0

m

4 i | »

Rate Change (cfsthr)

110

100+
40
a0
704
G0

a0+

40

]

T T T T T
£0,000 120,000
Release (cfs)

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max ROC-Increasing
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8. Max ROC-decreasing
Figure 14 shows the content of “Max ROC-Decreasing” rule. This rule shows the maximum
allowable decreasing release rate of change as a function of release from Surry Mountain dam.

Operation Set :Existingops v: Description E]

Zone-Rules | I |

wh Surcharge - near TOD Operates Release From: Surry Mountain-Dam at Ashuelot River
‘[l Broome Gate Ops - Save Dam

@ Surcharge
----- [ Min Flow - Flood Pool - Surry PDescpiion: o
----- B Max Release at Surry . :

----- @ Connecticut at Montague - Linear Function Of | Release =
----- [E Broome Gate Ops . .
----- B Max Flow at Keene
w Flood Control Interpolate | Linear |
----- H Max Flow at Keene ; .
""" [ Min Flow - Flood Pool - Surry Release (cfs) | Rate Change (cf..
----- B Max Release at Surry 00 =000
----- [E Connecticut at Montague - Linear 200'0 SDDlD
----- B MAX ROC-Increasing 2001 £
""" @ 123456.0 50.0
----- [l Max Pool Elev ROC

----- B Max Outflow equals Max 21 day Inflow
@ Conservation

----- B Min Flow Logic - Surry

----- B Max Flow at Keene

----- [l Connecticut at Montague - Linear i} — T
----- [ MAX ROC-Increasing i 0,000 120,000
----- B MAX ROC-Decreasing Release (cfe)

----- [ Max Pool Elev ROC
o™ [nactive |

Release Rate of Change Limit |jax ROC-Decreasing

Type \Decreasing -

500+

| »

400+

3004

200+

Rate Change {cfsfhr)

1004

m

4 e | »

Figure 14: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max ROC-Decreasing

9. Max Pool Elev ROC
Figure 15 shows the content of “Max pool Elev ROC” rule. This rule shows the maximum
allowable decreasing pool elevation rate of change.

Operation Set :ExistingDps v: Description [:
Zone-Rules | | | |
A Surcharge - near TOD Operates Release From: Surry Mountain

------ [@ Broome Gate Ops - Save Dam
@ Surcharge

----- @ Min Flow - Flood Pool - Surry Description )
----- [ Max Release at Surry
----- @ Connecticut at Montague - Linear : - T

..... [® Broome Gate Ops Function Of :Constant )
----- [E Max Flow at Keene Type Decreasing -
@ Flood Control - -
----- [E Max Flow at Keene ) Instantaneous
----- [E Min Flow - Flood Pool - Surry
----- [H Max Release at Surry

..... [ Connecticut at Montague - Linear Max Change of (ft) 5.0/ over 24| hours
----- [l MaX ROC-Increasing

----- B MAX ROC-Decreasing

----- )

----- B Max Outflow equals Max 21 day Inflow
@ Conservation

----- [E Min Flow Logic - Surry

----- [ Max Flow at Keene

----- @ Connecticut at Montague - Linear

----- B MAX ROC-ncreasing

----- B MAX ROC-Decreasing

----- [E Max Pool ElevROC

o [nactive

Elevation Rate of Change Limit | jjax Pool Elev ROC

@ Period Average

4| (11 |

Figure 15: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Pool Elev ROC
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10. Max Outflow equals Max 21 day Inflow
Figure 16 shows the content of “Max Outflow equals Max 21 day Inflow” rule. This rule
represents the maximum release from dam as a function of the previous 3 weeks of inflow.

Operation Set 'Existingops - Description E]
Zone-Rules | | |
wh Surcharge - near TOD Operates Release From: Surry Mountain
[l Broome Gate Ops - Save Dam . o
& Surcharge Rule Name: | gquals Max 21 day Inflow | Description: o

-[@ Min Flow - Flood Pool - Surry )
{H MaxRelease at Surry Function of: |30q| Inflow, Period Maximum, 0.0 hrlag, 504.0 hr period
----- [@ Connecticut at Montague - Linear
----- [@ Broome Gate Ops

Limit Type: |Maxi.. = Interp. L. « |

- Eogfém:‘;ft Keene Flow (cfs) Release (cfs) 0 1200
----- @ Max Flow at Keene 0.0 00| | = 80,000
I8 Min Flow - Flood Pool - Surry 800.0 800.0 % 40000
----- W Max Release at Surry 1200.0 1200.0 z
----- IH Connecticut at Montague - Linear 123456.0 123456.0 = L e I B B
[l MAX ROCAncreasing a 60,000 120,000
----- @ MAX ROC-Decreasing Flona {fs)
----- 1l Max Pool Elev ROC
----- m [ Period Average Lim
#™ Conservation -
----- 18 Min Flow Logic - Surry [T] Hour of Day Multiplier
""" [ Hax Flow at Keene [C] Day of Week Multiplier
[@ Connecticut at Montague - Linear
[E MAX ROC-Increasing [ Rising/Falling Condition
g :::.:;(;C;?é?:vc'ggzmg [ Seasonal Variation
i [nactive
4| m | » =

Figure 16: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Outflow equals Max 21 day
Inflow

11.Min Flow Logic-Surry
Figure 17 shows the content of “Min flow Logic-Surry” rule. This rule provides seasonal
minimum releases from Surry Mountain as a function of inflow.

Operation Set .ExistingDps ~ | Description =
Zone-Rules | | |
A Surcharge - near TOD Operates Release From: Surry Mountain

“-[H Broome Gate Ops - Save Dam
WA Surcharge
-l Min Flow - Flood Pool - Surry .
[H MaxReleass at Surry Function of: | syrry Mountain-Pool Net Inflow, Current Value
[l Connecticut at Montague - Linear
[E Broome Gate Ops

Rule Name: | Min Flow Logic- Surry Description:

Limit Type: [minimum  ~ | Intern [Linear |

-l Max Flow at Keene . 400+
@ Flood Contral Flow Release (cfs) ”:3, 2009
-8 Max Flow at Keene (%=} | 01Jan | o1apr | 0tun | 010t 2 5007
-l Min Flow - Flood Pool - Surry 0.0 0.0 0.0 0.0 00| & 100:
- [l Max Release at Surry 74.99| 52.493| 52.493| 524093| 52493 E D_
[ Connecticut at Montague - Linear 750 526| 525 750 525 T T T T
" 0 B0,000 120,000
-l MAX ROC-Increasing 9999 69.993] 69993 750| 69.993
[ MAX ROC-Decreasing 100.0] 1000 700 75.0] 100.0 P57 (7
-l MaxPool ElevROC 39999 1000[279993 750/ 1000 ) )
-l Max Qutflow equals Max 21 day Inflow 40000 1000 4000 75.0/ 100.0 [C] Period Average Limit
% Conservation 123456.0] 100.0] 400.0] 75.0  100.0 Hour of Day Multinl
= —YMin Flow L ogic - Surry bt ey
Max Flow at Keene ay o ee ulipher
[H Max Flow at K [7] Day of Week Multipli
--[@ Connecticut at Montague - Linear . ; -
18 MAX ROC-Increasing [T] Rising/Falling Condition
@ MAX ROC-Decreasing Seasonal Variation
[ Max Pool Elev ROC
Wl [nactive
< 1 | v o

Figure 17: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow Logic -Surry
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Tighe Carmondy

Tighe Carmody

l. Overview

Tighe Carmody dam is located in the town of Southampton, MA on the Manhan River. It is owned and
operated by Holyoke Water Works and is used for water supply for the City of Holyoke.

Figure 1 shows the location of Tighe Carmody Dam as it is represented in the HEC-ResSim model. Figure
2 shows a photo of Tighe Carmody dam.

(]
—~
L-O.l Second Connecticut Lake_Inf
=3

e ey
{ ki

I
f*{u| Flobdplaih
b ' Lt

hussels1

- cticu UpperAmmonaosuc
0

Figure 1: HEC-ResSim Map Display Showing Location of Tighe Carmody
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Tighe Carmondy

Figure 2: HEC-ResSim Photo of Tighe Carmody Dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3°. The dam consists of

two types of outlets: (1) uncontrolled spillway, and (2) controlled Draw-down Conduit as shown in
Figure 4.

% Phase | Report. 1978
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Tighe Carmondy

-
K1 Reservoir Editor

Reservoir Edit Pool

=5

Resenoir | Tighe Carmondy

- ] Description |

0] W@ 47 o174 B30

Physical | Operations | Observed Data|

A\ Tighe Carmondy Tighe Carmondy-Pool
@ Linear Interpolation () Conic Interpolation  Initial Conic Depth (ft) I:I
+ % Draw-down Conduit Elevation Storage Area
{ft) {ac-ft) (acre)
365.00 0.00 0.00
481.00 17214.00 383.00 4807
489.00 20400.00 418.00] & 44p-
495.50 24750.00 468.00 z —
o 400:
360 T T T 1
0 15,000
Star (ac-fiy
4804
£ 440
= i
o 400:
BOTTTT T TTTT7
0 140 300 450
Area (acre)
’ OK ” Cancel H Apply
Figure 3: Reservoir Editor: Physical Tab -- Pool
fa ™
ReservoirEdl'tor M
Reservoir Edit Dam
Resenvoir [Tjghecmmondy v] Description| E]| (W][«] 470f74|m@ I
Physical | gperations | Observed Datal
A. Tighe Carmondy Tighe Carmondy-Dam
Fool
avgDam| Elevation at top of dam (ft) | 495_5|
4@ Draw-down Conduit Length attop of dam (ft) | 1goo_o|
Composite Release Capacity
Elevation | Controlled | Uncontro... Total
(f) (cfs) (cfs) (cfs) w =
367.8 0.0 0.0 0.0/« & 44p3
380.0 530.0 0.0 530.0( || B € 4002
400.0 940.0 0.0 940.0 z -
150.0| 1,540.0 0.0] 1,540.0 IBOTTT T
481.0] 1,820.0 0.0| 1,820.0 0 40,000
4g82.0| 1,828.3 984. 2,812.3|= Flome
483.0| 1,836.6| 2,820.0 4,656.6 [(353]
4g84.0| 1,844.8| 5,390.0 7,234.8
485.0( 1,853.1| 8,620.0( 10,473.1
486.0| 1,861.4( 12,200.0| 14,061.4
487.0| 1,869.7| 16,500.0( 18,369.7|
4g8.0{ 1,877.9| 21,400.0( 23,277.9
489.0| 1,886.2| 27,200.0( 29,086.2
490.0( 1,894.5| 32,400.0( 34,294.5
495.5| 1,940.0| €6,300.0| 68,240.0
’ Ok ” Cancel H Apply

Figure 3 Reservoir Editor: Physical Tab -- Dam
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Tighe Carmondy

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Tighe
Carmody’s “Existing Ops” operational zones, which consist of zones of Flood Control (495.5 ft),
conservation (481 ft), and Inactive zone (365 ft)'.

i A ™
n Reservoir Editor - u

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir :Tighe Carmondy .: Description | (][4 47 o 74| ][m]

I
Physical| Qperations | Opserved Data
Operation Set :Existing Ops v: Description E]
Zone-Rules | | I
g™ Flood Control ] .
: Consenvation
1@ Ops to Save Dam Storage Zone Description )
~_JConservation| Function of g [ Defne.. |
. ate
[l Minimum release
o [nactive
Date Top Elevation (ft)
01Jan 481.0| » 500
480
460
g
= 4404
=
m 420
&
w 400+
380
360 T T T T T
Jan Mar May Jul Sep Mov
Zone Sort Elevation
[ OK l [ Cancel Apply

— — 3 5 S

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 5 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops. There is a water supply time series associated with Tighe Carmondy which is described in
the water supply section of the report.

Ei Reservoir Editor

Reservoir Edit Operations Zor

Resenvoir :Tighe Carmondy

Physical | Operations | Obser

Cperation Set :Existing Ops

||qu Flood Control

- JConservation

------ @ Minimum release
| [nactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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Tighe Carmondy

C. Rule Descriptions

1. Ops to save Dam

Figure 7 shows the content of “Ops to save Dam” rule. This rule shows when the pool elevation
gets to elevation 487 ft the maximum release of 1940 will occur to save the dam.

Operation Set :Existing Ops

v: Description [

Zone-Rules | |

A Flood Control
w Conservation

[l Minimum release
A [nactive

Operates Release From: Tighe Carmondy-Draw-down Conduit
Rule Name: | gps to Save Dam Description: =l

Function of | Tighe Carmondy-Pool Elevation, Previous Value

Limit Type: | Maximum »| IMerp |Linear |

= 18003
Elev (ft) Release (cfs) B 42003
481.0 10/~ 8 oo
4340 1.0 2 i e e E e
487.0 1940.0 e 451 482 483 484 485 486 447

Elew (t)

[ Period Average Limit

[ Hour of Day Multiplier

[7] Day of Week Multiplier

[] Rising/Falling Condition

[7] Seasonal Variation

-

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Ops to save Dam
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Tighe Carmondy

2. Minimum Release

Figure 8 shows the content of “Minimum Release” rule. This rule represents a minimum release
of 1 cfs from Tighe Carmody reservoir.

Operation Set :Existing Ops

v: Description

Zone-Rules | |

& Flood Control

& Conservation

s BMinimum release

M [nactive

Operates Release From: Tighe Carmondy-Dam

Rule Name: |pinimum release Description:

Function of: |pate

Limit Type: | Minimum ~ | Interp |Linear |

Date Release (cfs)

01Jan 1.0[ »

Relesse (cfs)

1.010
1.003

1.000
0993

0.550 T T T T

Jan bar hay Jul Sep Mov

[] Period Average Limit
[] Hour of Day Multiplier
[~] Day of Week Multiplier

[7] Rising/Falling Condition

Seasonal Variation

Edit...

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Minimum Release
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Townshend

Townshend

l. Overview

Townshend dam is a dam located in Townshend, Vermont on the West River. It was constructed in 1961
by the US Army Corps of Engineers and is still owned and operated by the Corps. Itis primarily used for
flood control purposes but also for recreation.

Figure 1 shows the location of Townshend Dam as it is represented in the HEC-ResSim model, and
Figure 2 shows a photo from Townshend Dam.
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Figure 1 HEC-ResSim Map Display Showing Location of Townshend dam
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Townshend

Figure 2: Photo of Townshend dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3. The dam consists of
two types of outlets: (1) controlled vertical lift gates, and (2) uncontrolled spillway, as shown in Figure 4.
All physical and operations data were provided by US Army Corps New England District, through both a
previously created ResSim model and the Reservoir Regulation Team website”.

7 http://rsgisias.crrel.usace.army.mil/nae/cwms_map.map_index
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Townshend

i o
n Reservoir Editor

Reservoir Edit Pool

————— o B —— —

| [M][a] 230174 ][]

Physical | Operations | Observed Data|

=)

g

& — =

LA Townshend Townshend-Pool
E-57 Dam @ Linear Interpolation ) ConicInterpolation  Initial Conic Depth (ft) l:l
-4 Vertical Lift Gates
+<> Spillway Elgvation Storage Area
(ft) (ac-ft) (acre)
0.00 100000.00 0.00 =
2.00 100005.00 3.00( |
4.00 100028.00 6.00
6.00 100075.00 10.00
8.00 100112.00 15.00 1207
10.00 100137.00 20.00| = = oo
12.00 100175.00 30.00 = -
14.00 100275.00 40.00 % 404
16.00 100425.00 55.00 Eli
18.00 100575.00 70.00 [
20.00 100725.00 85.00] Ay ER
21.00 100800.00 95.00 Star (ac-fi)
23.00 101050.00 115.00
25.00 101300.00 135.00 120
27.00 101550.00 154.00 = SDi
29.00 101800.00 173.00 = 4
31.00 102100.00 192.00 ﬁ 40
33.00 102550.00 211.00 T
35.00 102900.00 230.00 O
37.00 103500 00 248.00 U T U 10
39.00 104050.00 266.00 Area (acre)
41.00 104550.00 284.00
43.00 105100.00 302.00
45.00 105700.00 320.00
47.00 106450.00 340.00
49.00 107100.00 360.00( -
[ OK ][ Cancel Apply
. - = = -
Figure 3: Reservoir Editor: Physical Tab -- Pool
— =)
n [ A _‘.—_
Reservoir Edit Dam
Resenor fomanena =] Desargon o) W zas ()
Ehysical | Operations | Obsenved Data
|2 Townshend Townshend-Dam
Poaol
=% Elevation at to|
p of dam (ft) .
Vertical Lift Gates | 126.0]
Length at top of dam (ft) | 1700_0|
Composite Release Capacity
Elevation Controlled | Uncontrolled Total
M) (cfs) (cfs) (cfs) o
2.0 300.0 0.0 300.0)«| § an
4.0 600.0 0.0 600.0 1| B € |
6.0 1,050.0 0.0 1,050.0] | 2 E
8.0 1,650.0 0.0 1,650.0(= 0T
10.0 2,850.0 0.0 2,850.0 0 200,000
12.0 3,000.0 0.0 3,000.0 Flow
14.0 3,900.0 0.0 3,900.0 (cfg)
16.0 4,800.0 0.0 4,800.0
18.0 5,850.0 0.0 5,850.0
20.0 §,750.0 0.0 6,750.0
22.0 7,575.0 0.0 7,575.0
24.0 8,400.0 0.0 8,400.0
26.0 9,075.0 0.0 9,075.0
28.0 9,756.0 0.0 9,756.0
30.0] 10,500.0 0.0  10,500.0
32.0]  11,100.0 0.0 11,100.0
34.0]  11,700.0 0.0  11,700.0
36.0] 12,150.0 0.0  12,150.0
38.0]  12,750.0 0.0  12,750.0
10.0]  13,200.0 0.0  13,200.0
42.0]  13,800.0 0.0  13,800.0
14.0]  14,250.0 o.0f 14,250.0] "
[ ok ][ cancel Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Townshend

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Townshend’s
“ExistingOps” operational zones, which consist of zones of Top of dam (126 ft), Surcharge (116 ft), Flood
Control (96 ft), Conservation (21 ft), and Inactive zone ( O ft).

r >
E71 Reservoir Editor

]

— . — . i — e
Reservoir Edit Operations Zone Rule IF Block
Resenvair jTownshend vi Description O [W][a] 33 0r74 ][]
Ehysical | Gperations | Opserved Data
Operation Set :ExistingDps v: Description [:]
Zone-Rules | | | |
@ Top of dam ) o
] Consenvation
[l Lift Gate Ops - Save Dam Storage Zone Description L
#A Surcharge Function of | -
ate
----- [E Min Flow - Flood Pool - Townshend m
----- [E Max Release at Townshend :
..... @ Lift Gate Ops Date Top Elevation (ft) |
----- 1@ Max Stage at North Walpole - Townshend || [01Jan 21.0] 4z
----- [B Max Stage at Montague - Townshend 120+
w™ Flood Control 100+
----- [E WMin Flow - Flood Pool - Townshend & a0-
---- B Max Release at Townshend = 604
----- [E MAX ROC-Increasing %
----- [E MAX ROC-Decreasing 5 407
----- W Max Stage at North Walpole - Townshend W ap
----- [E Max Stage at Montague - Townshend 0
----- [l Max Pool Elev ROC
L_Jconservation| 0T
---- @ Min Flow Logic- Townshend Jan Mar May Jul Sep Mov
----- [E Max Conservation Release at Townshend
----- [E MAX ROC-Increasing
----- B MAX ROC-Decreasing
----- [E Max Stage at North Walpole - Townshend
----- [E Max Stage at Montague - Townshend
----- [E Max Pool Elev ROC
o [nactive Al
Zone Sort Elevation
[ OK ] [ Cancel Apply

- T = T _

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops. As described in the Simulation/Verification section of the report, adjustments were made

to the operations to closer match gauge data.

:i Reservoir Editor

Reservoir Edit Operations Zone Rule IF_Block

Physical | Qperations | Observed Data

Resenvoir :Tﬂwnshend v: Description

Cperation Set :ExistingDps

fone-Rules | | |

|.i_| Top of dam

|@™ Surcharge

----- [ Min Flow - Flood Pool - Townshend

----- [B MaxRelease at Townshend

----- @ Lift Gate Ops

----- [E Max Stage at Morth Walpole - Townshend
----- [B Max Stage at Montague - Townshend

| Flood Cantrol

----- [ Min Flow - Flood Pool - Townshend

----- [B MaxRelease at Townshend

----- @ MAX ROC-Increasing

----- @ MAX ROC-Decreasing

----- [E Max Stage at Morth Walpole - Townshend
----- [ Max Stage at Montague - Townshend

----- [ Max Pool Elev ROC

|~

----- @ Min Flow Logic - Townshend

----- [B Max Conservation Release at Townshend
----- @ MAX ROC-Increasing

----- @ MAX ROC-Decreasing

----- [E Max Stage at Morth Walpole - Townshend
----- [ Max Stage at Montague - Townshend

----- [l Max Pool Elev ROC

I.- Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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C. Rule Descriptions

1. Lift Gate Ops-Save Dam
Figure 7 shows the content of “Lift Gate Ops-Save Dam” rule. This rule represents the maximum
allowable release from Lift gates when the pool is in Top of dam zone as a function of pool
elevation.

Operation Set | ExistingOps ~ | Description o

Zone-Rules | | |

wh Top of dam Operates Release From: Townshend-Vertical Lift Gates

2 | ift Cate Ops - Save Dam

I Surcharge Rule Name: || ift Gate Ops - Save Dam | Description: =
----- (@ Min Flow - Flood Pool - Townshend

..... B Max Release at Townshend Function of | end-Pool Elevation, Period Average, 0.0 hrlag, 48.0 hr period

----- (@ Lift Gate Ops - . : : .
Limit Type: i - | Interp. | Lj -
""" [E Connecticut at Morth Walpole - Linear ype. |Maximu... - | P |Line.. -

----- B Connecticut at Montague - Linear 25,0004
B Flood Control Elev (ft) Release (cfs) % 20,000-

----- @ Win Flow - Flood Pool - Townshend 116.0 00| «| = 150007

----- [B Max Release at Townshend 118.0 5000.0 § 10,000

----- @ Connecticut at Morth Walpole - Linear 1200 24300.0 = 5,000

----- @ Connecticut at Montague - Linear 126.0 24300.0 L= 1 By A B B

----- @ MAX ROC-Increasing 116 118 120 122 124 126

----- B MAX ROC-Decreasing Eley {ft)

----- @ Max Poal Elev ROC

----- @ WMax Outflow equals Max 21 day Inflow 7] Period Average Limit
o Conservation o :

----- M@ Min Flow Logic - Townshend [] Hour of Day Multiplier

""" [ Wax Conservation Release at Townshend [7] Day of Week Multiplier

----- @ Connecticut at Morth Walpole - Linear o . - _
----- [@ Connecticut at Montague - Linear [T] Rising/Falling Condition Edit.
""" @ MAX ROC-Increasing [7] 2easonal Variation Ed

----- B MAX ROC-Decreasing
----- B Wax Pool Elev ROC
# [nactive s

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet - Lift Gate Ops-Save Dam
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2. Min Flow-Flood Pool-Townshend
Figure 8 shows the content of “Min Flow-Flood pool-Townshend” rule. This rule represents the
minimum required release from dam during flood control operations.

Operation Set :E)ustmgops v: Description =
Zone-Rules | | |
& Top of dam Operates Release From: Townshend
[l Lift Gate Ops - Save Dam . L
Rule Name: | _Flgod Pool - Townshend | Description: =

@ Surcharge

=

[l WaxRelease at Townshend

[l Lift Gate Ops

--[l Connecticut at North Walpole - Linear
[ Connecticut at Montague - Linear

o Flood Control

~-[l Min Flow - Flood Pool - Townshend

[l WMaxRelease at Townshend

--[l Connecticut at North Walpole - Linear

[l Connecticut at Montague - Linear

[l WAX ROC-Increasing

- [l MAX ROC-Decreasing

-l Max Pool ElevROC

[l Max Outflow equals Max 21 day Inflow

™ Conservation

-l Win Flow Logic - Townshend

--[l Connecticut at North Walpole - Linear
[l Connecticut at Montague - Linear
- [l MAX ROC-Increasing
- [l MAX ROC-Decreasing
@ Max Pool ElevROC
ol [nactive

Function of: |pate

Limit Type: :Minimum v: Interp.::mep v:

Date Release (cfs)
01Jan 280.0| »
01Jun 140.0
010¢ct 280.0

[l Max Conservation Release at Townshend

280
240
200+

Release (cfs)

160

1204 1 1 1 1 1
Jan Mar May Jul Sep Moy

[7] Period Average Limit

[7] Hour of Day Multiplier
[7] Day of Week Multiplier
|7 Rising/Falling Condition

Seasonal Variation Edit..

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow-Flood pool-Townshend

3. Max Release at Townshend
Figure 9 shows the content of “Max release at Townshend” rule. This rule assigns 9000 cfs as a
maximum release from dam.

Operation Set :Existingops v: Description E]
Zone-Rules | | |
& Top of dam Operates Release From: Townshend

@™ Surcharge

----- [ Min Flow - Flood Pool - Townshend
----- )

----- [l Lift Gate Ops

----- [@ Connecticut at Morth Walpole - Linear
----- [ Connecticut at Montague - Linear

#d Flood Control

----- [ Min Flow - Flood Pool - Townshend
----- [@ Max Release at Townshend

----- [@ Connecticut at Morth Walpole - Linear
----- [ Connecticut at Montague - Linear

----- B MAX ROC-Increasing

----- B MAX ROC-Decreasing

----- @ MaxPool ElevROC

----- @ Max Qutflow equals Max 21 day Inflow
#™ Conservation

----- [E Min Flow Logic - Townshend

----- [@ Connecticut at Morth Walpole - Linear
----- [E Connecticut at Montague - Linear

----- B MAX ROC-Increasing

----- B MAX ROC-Decreasing

----- @ MaxPool ElevROC

#h [nactive

----- [l Max Conservation Release at Townshend

Rule Name: |ax Release at Townshend Descripion: | normal max release (S0P). L)

Function of: |pate

LimitType: |Maximu... - | Interp: [Step |

Date Release (cfs)

01Jan

9000.0| -

8,080
8,040

8,000
8,960
8,920

Releasze {cfs)

T T
Jan May

T T
Sep
[ Period Average Limit
[7] Hour of Day Multiplier
[7] Day of Week Multiplier
[~ Rising/Falling Condition

Seasonal Variation

Edit...

Figure 9 Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Release at Townshend
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4. Lift Gate Ops

Figure 10 shows the content of “Lift Gate Ops” rule. This rule represents the maximum allowable
release from Lift gates as a function of pool elevation when pool is in surcharge zone.

Operation Set :Existing[}ps v: Description E]
Zone-Rules | | |
" Top of dam Operates Release From: Townshend-Vertical Lift Gates

------ B Lift Gate Ops - Save Dam

o Surcharge

----- [ Min Flow - Flood Poal - Townshend
----- [E Max Release at Townshend

----- W

----- [E Connecticut at North Walpole - Linear
----- [E Connecticut at Montague - Linear

o™ Flood Control

----- [ Min Flow - Flood Poal - Townshend
----- [E Max Release at Townshend

----- [ Connecticut at Marth Walpole - Linear
----- [E Connecticut at Montague - Linear

----- [E MAX ROC-ncreasing

----- B MAX ROC-Decreasing

----- [E Max Pool Elev ROC

----- B Wax Qutflow equals Max 21 day Inflow
™ Conservation

----- B Win Flow Logic - Townshend

----- [@ Max Conservation Release at Townshend
----- [E Connecticut at Morth Walpole - Linear
""" [ Connecticut at Montague - Linear

----- B MAX ROC-Increasing

----- [E MaX ROC-Decreasing

----- [@ Max Pool Elev ROC

o [hactive

Rule Name: ||ift Gate Ops

Description:

Function of: | end-Paol Elevation, Period Average, 0.0 hrlag, 48.0 hr period

Limit Type: I'u'Iammu - | Interp. Lme =
Elev (ft) Release (cfs)

956.0 9000.0| ~
97.0 6500.0
93.0 4000.0
99.0 1000.0
9922 0.0
116.0 0.0
118.0 5000.0
120.0 243000
126.0 243000

-

25,000
20,000+
14,000+
1EI,DI:IEI—
S,DDD-
0

[

120

[7] Day of Week Multiplier
[ Rising/Falling Condition
[7] Seasonal Variation

Release (cfs)

1DD 11D

Elev {f)

130

[] Period Average Limit
[ Hour of Day Multiplier

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Lift Gate Ops
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5. Connecticut at North Walpole-Linear
Figure 11 shows the content of “Connecticut at North Walpole-Linear” rule. This rule represents
the maximum allowable release from dam as a function of previous day stage at North Walpole.
The SOP for Townshend was slightly different than the other flood control dams in that it called
for an immediate reduction to 3000 cfs when a mainstem stage target was exceeded. Then the
SOP says that the outflow will be directed by the Reservoir Regulation Team. The immediate
reduction to 3000 cfs was accounted for in the rule and then 3000 cfs was used as the maximum
when applying the linear release cutback described in the Simulation/Verification section of the
report. The previous day stage was used to account for the delay that occurs between the stage
exceeding the specified target and the change in operations at the flood control dams that

occurs in reality.

Operation Set :ExistingDps v: Description L]
Zone-Rules | | |
wh Top of dam Operates Release From: Townshend

-

-~

@ Surcharge

""" [E Min Flow - Flood Pool - Townshend
""" [@ Max Release at Townshend

----- @ Lift Gate Ops

IR Connecticut at Morth Walpole - Linear

[B Connecticut at Montague - Linear
Flood Control

@ Min Flow - Flood Pool - Townshend
[E Max Release at Townshend

[@ Connecticut at Morth Walpole - Linear
[B Connecticut at Montague - Linear

@ MAX ROC-ncreasing

[E MAX ROC-Decreasing

@ Max Pool Elev ROC

@ MWax Qutflow equals Max 21 day Inflow

o Conservation

[@ Min Flow Logic - Townshend

[ Max Conservation Release at Townshend
[E Connecticut at Morth Walpole - Linear

[ Connecticut at Montague - Linear

[B MAX ROC-Increasing

@ MAX ROC-Decreasing

B Max Pool Elev ROC

{nactive

Rule Name: t at North Walpole - Linear | Description: [

Function of | Connecticut at North Walpole Stage, Previous Value

LimitType: | Maximu_. » | Interp: |Line_ »

10,0007
Stage (ft) Release (cfs) o 8,000+
0.0 9000.0| »| o 60007
23.998 9000.0 2 40007
24.0 3000.0 % 2,000
26.0 3000.0 o 0 T T T T T T T 1
27.0 2400.0 o 10 20 30 40 A0
28.0 1800.0 Stage i
290 1200.0
30.0 600.0 - P !
310 00 [7] Period Average Limit
50.0 0.0 [7] Hour of Day Multiplier i

[7] Day of Week Multiplier

-

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at North Walpole-

Linear
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6. Connecticut at Montague-Linear
Figure 12 shows the content of “Connecticut at Montague-Linear” rule. This rule represents the
maximum allowable release from dam as a function of previous day stage at Montague. The
SOP for Townshend was slightly different than the other flood control dams in that it called for
an immediate reduction to 3000 cfs when a mainstem stage target was exceeded. Then the SOP
says that the outflow will be directed by the Reservoir Regulation Team. The immediate
reduction to 3000 cfs was accounted for in the rule and then 3000 cfs was used as the maximum
when applying the linear release cutback described in the Simulation/Verification section of the
report. The previous day stage was used to account for the delay that occurs between the stage
exceeding the specified target and the change in operations at the flood control dams that

occurs in reality.

Operation Set :ExistingDps v: Description [:]
Zone-Rules | | |
wh Top of dam Operates Release From: Townshend
.- [@ Lift Gate Ops - Save Dam ) o
Rule Name: | cticut at Montague - Linear| Description: =

@ Surcharge

----- [@ Min Flow - Flood Pool - Townshend
----- [l Max Release at Townshend

----- @ Lift Gate Ops

----- [@ Connecticut at Marth Walpale - Linear
----- =)

o Flood Control

----- [@ Min Flow - Flood Pool - Townshend
----- [ Max Release at Townshend

----- [E Connecticut at Morth Walpole - Linear
----- [@ Connecticut at Montague - Linear

----- [l MAX ROC-Increasing

----- B MAX ROC-Decreasing

----- B Max Pool Elev ROC

----- B Max Qutflow equals Max 21 day Inflow
o Conservation

----- [E Min Flow Logic - Townshend

----- [@ Connecticut at Marth Walpale - Linear
""" [@ Connecticut at Montague - Linear

----- B MAX ROC-Increasing

----- [@ MAX ROC-Decreasing

----- [E Max Pool Elev ROC

o [nactive

Function of | Connecticut at Montague Stage, Previous Value

LimitType: | Maximu_. « | Interp: |Line . »

----- [@ Max Conservation Release at Townshend

Stage (ft) Release (cfs)

0.0 9000.0| «

22995 3000.0
230 3000.0
26.0 3000.0
270 24000
28.0 1800.0
20.0 1200.0
300 600.0
31.0 0.0
50.0 0.0

=

10,0007
8,000
£,000 7
4,000 7
20007

{1 o s s s ey ey B

0 10 20 30 40 50

Stage ()
["] Hour of Day Multiplier
] Day of Week Multiplier
[ Rising/Falling Condition
[] Seasonal Variation

Release (cfs)

[7] Period Average Limit

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at Montague-Linear

533



Townshend

7. MAX ROC-Increasing
Figure 13 shows the content of “MAX ROC-Increasing” rule. This rule shows the maximum
allowable increasing release rate of change as a function of release from Townshend dam.

Operation Set :ExistingDps v: Description [:]

Zone-Rules ‘ | |

™ Top of dam Operates Release From: Townshend-Dam

& Surcharge Release Rate of Change Limit | Ax ROC-ncreasing

----- [@ Min Flow - Flood Pool - Townshend Description: O
----- B Max Release at Townshend ) -
----- [ Lift Gate Ops Function Of |Release -
----- [@ Connecticut at Morth Walpole - Linear r -
----- [B Connecticut at Montague - Linear
™ Flood Control Interpolate | Linear |
----- [@ Min Flow - Flood Pool - Townshend ) ) 1,100
""" 18 MaxRelease at Townshend Release (cfs) Rate Change (cfs/hr) 1 oo+
----- [@ Connecticut at Morth Walpole - Linear 00 10000 d
----- [@ Connecticut atMotague—Lmear 7000.0 10000
""" = 7000.1 500.0
----- [E MAX ROC-Decreasing 123456.0 5000
----- [l Max Pool Elev ROC

[E Max Qutflow equals Max 21 day Inflow
™ Conservation
----- [ Min Flow Logic - Townshend
""" [E Max Conservation Release at Townshend
----- [@ Connecticut at Morth Walpole - Linear 00T T T T T
----- [B Connecticut at Montague - Linear 0 B0,000 120,000
----- B MAX ROC-Increasing Release (cfs)
----- [E MAX ROC-Decreasing
----- [@ Max Pool Elev ROC
o [nactive

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — MAX ROC-Increasing

Type Increasing -

900
800
7004
600
5004

Rate Change (cfs/hr)

8. MAX ROC-Decreasing
Figure 14 shows the content of “MAX ROC-Decreasing” rule. This rule shows the maximum
allowable decreasing release rate of change from Townshend dam.

Operation Set _Existingops = Description E]
Zone-Rules | | |
& Top of dam Operates Release From: Townshend-Dam

[ Lift Gate Ops - Save Dam

& Surcharge Release Rate of Change Limit | max ROC-Decreasing

[l Min Flow - Flood Pool - Townshend Description: O
[l Max Release at Townshend -
~[@ Lift Gate Ops Function Of: s -
[l Connecticut at North Walpole - Linear .
[l Connecticut at Montague - Linear Type Decreasing -
8 Flood Control Max Rate of Change (cfs/hr) 3000.0

[l Min Flow - Flood Pool - Townshend
[l Max Release at Townshend

[l Connecticut at Morth Walpole - Linear
--[l Connecticut at Montague - Linear
[l MAX ROC-Increasing

-

[l Max Pool ElevROC

-l Max Outflow equals Max 21 day Inflow
™ Conservation

[l Min Flow Logic - Townshend

-l Max Conservation Release at Townshend
[l Connecticut at North Walpole - Linear
[l Connecticut at Montague - Linear
[l MAX ROC-Increasing

-l MAXROC-Decreasing

-1l Max Pool ElevROC

o, [nactive

Figure 14: Reservoir Editor: Operations Tab — Existing Ops OpSet — MAX ROC-Decreasing
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9. Max Pool Elev ROC
Figure 15 shows the content of “Max Pool Elev ROC” rule. This rule shows the maximum
allowable decreasing pool elevation rate of change.

Operation Set :ExistingOps v: Description =
Zone-Rules | | |
A Top of dam Operates Release From: Townshend

& Surcharge Elevation Rate of Change Limit \ax Pool Elev ROC

~[@ Min Flow - Flood Pool - Townshend Description o
[l Max Release at Townshend
[l Lift Gate Ops - - T ]
--[l Connecticut at North Walpole - Linear Function O :Constant v:
--[l Connecticut at Montague - Linear Type Decreasing hd
@ Flood Control ) )
-1l Min Flow - Flood Pool - Townshend () Instantaneous

[l Max Release at Townshend
--[l Connecticut at North Walpole - Linear
[l Connecticut at Montague - Linear Max Change of (ft) 10.0/| Over 24 | hours
-l MAX ROC-Increasing
[l MAX ROC-Decreasing
B
- [l Max Outflow equals Max 21 day Inflow
& Conservation
18 Min Flow Logic - Townshend
[l Max Conservation Release at Townshend
--[l Connecticut at North Walpole - Linear
[l Connecticut at Montague - Linear
-l MAX ROC-Increasing
[l MAX ROC-Decreasing
[l Max Pool Elev ROC
i [nactive

Figure 15: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Pool Elev ROC

@ Period Average

10. Max Outflow equals Max 21 day Inflow
Figure 16 shows the content of “Max Outflow equals Max 21 day Inflow” rule. This rule
represents the maximum release from dam as a function of Inflow.

Operation Set | ExislingOps ~ | Description =]
Zone-Rules | | |
Wi Top of dam Operates Release From: Townshend

A Surcharge Rule Name: |y equals Max 21 day Inflow | Description: o

----- [@ Min Flow - Flood Pool - Townshend .
..... B MaxRelease at Townshend Function of: | \eng-Pool Inflow, Period Maximum, 0.0 hr 1ag, 504.0 hr period

----- [@ Lift Gate Ops . - , : .
Limit Type: i Interp.: |Lj
@ Connecticut at Morth Walpole - Linear yPE: | Maximu.. > | P Line.. v

10,0007
» Eofdogr;itc::]clut at Montague - Linear Flow (ds) = @ 50001
----- [@ Min Flow - Flood Pool - Townshend 0.0 00|~ % 60007
[E MaxRelease at Townshend 9000.0 9000.0 @ 40007
----- @ Connecticut at North Walpole - Linear 123456.0 9000.0 2 20003
@ Connecticut at Montague - Linear ® o T T T T 1T
----- [@ MAX ROC-Increasing 0 60,000 120,000
[ MAX ROC-Decreasing Flows {cfs)
----- @ Max Pool Elev ROC
""" = [ Period Average Limit
# Conservation -
----- [@ Min Flow Logic - Townshend [Z] Hour of Day Multiplier

@ Max Conservation Release at Townshend [] Day of Week Multiplier
@ Connecticut at North Walpole - Linear
W Connecticut at Montague - Linear [] Rising/Falling Condition
1 MAX ROC-Increasing [F] Seasonal Variatian

Il MAX ROC-Decreasing
----- @ Max Pool Elev ROC
wh [nactive -

Figure 16: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Outflow equals Max 21 day

Inflow
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11.Min Flow Logic-Townshend
Figure 17 shows the content of “Min Flow Logic-Townshend” rule. This rule describes required
seasonal minimum flows from controlled outlets as a function of inflow at Townshend.

Operation Set :EsttingE)ps v: Description ]
Zone-Rules | [ |
-l Ep ofdam Operates Release From: Townshend
[l Lift Gate Ops - Save Dam o
@& Surcharge Rule Name: |n Flow Logic- Townshend Description:
--[@ Min Flow - Flood Pool - Townshend Funct "
[l MaxRelease at Townshend unction ot | Townshend-Pool Net Inflow, Current Value
[ Lift Gate Ops o
Limit Type ~ | Inter -
[l Connecticut at North Walpole - Linear L (Minimum 2 P-- | Lingar ]
; : 1,200
- [l Connecticut at Montague - Linear A = = . ]
@ Flood Control o elease (cfs) @ 300
-8 Min Flow - Flood Pool - Townshend (=) | g1uan | otapr | otdun| o1oat b=t 4
- [l Max Release at Townshend 0.0 0.0 0.0 0.0 0.0| - § 4004
--[l Connecticut at North Walpole - Linear 139.09| 97993 97.993] 97003 o7.993 @ T
--[l Connecticut at Montague - Linear 140.0 920 98.0| 140.0 930 2 3 T ‘ED IDDDI 1IQDIDDD
(@ MAX ROC-Increasing 279.99] 195.993| 195,993 140.0[ 195.993 d d
g llAX ROC-Decreasing 280.0) 280.0[ 196.0| 140.0] 280.0 Flow (cfs)
Max Pool ElevROC 1099.99| 280.0| 769.993 140.0[ 280.0
- [l Max Outflow equals Max 21 day Inflow 1100.0| 2800 1100.0| 1400/ 2800 [Tl Period Average Limit
Conservation
ﬁ-ﬁ o G 123456.0 280.0) 1100.0/ 1400 280.0 [ Hour of Day Multiplier
-l Max Conservation Release at Townshend [7] Day of Week Multiplier
--[l Connecticut at North Walpole - Linear ) _ B
--[l Connecticut at Montague - Linear [] RisingiFalling Condition
g mx ggg—gcreasmg Seasonal Variation
i -Decreasing
[E Max Pool Elev ROC
M [nactive <

Figure 17: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min flow Logic-Townshend

12. Max Conservation Release at Townshend
Figure 18 shows the content of “Max Conservation Release at Townshend” rule. This rule
represents the maximum allowable release from Townshend when the pool is in the
conservation zone. This rule is unique to Ball Mountain and Townshend.

Operation Set | ExistingOps ~ | Description @]
Zone-Rules | I I
@& Top of dam Operates Release From: Townshend
[l Lift Gate Ops - Save Dam . L
A Surcharge Rule Name: 3 Release at Townshend Description: |yaximum conservation release (0G). [J
[@ Min Flow - Flood Pool - Townshend Funct i
[ MaxRelease at Townshend unclion ot |Date -

-[@ Lift Gate Ops

-[l Connecticut at Morth Walpole - Linear Limit Type: | Maximum  » Interp: | step 4 .
--[@ Connecticut at Montague - Linear 0

# Flood Control Date Release (cfs) & 1,510
~[@ Min Flow - Flood Pool - Townshend 01Jan 1500.0| | & 15057
-[l Max Release at Townshend o 1,500
--[l Connecticut at North Walpole - Linear £ 1.4887
[l Connecticut at Montague - Linear & 1,480
-l MAX ROC-Increasing 1,485 ——1—1—1—
[l MAX ROC-Decreasing Jan May  Sep
-l Max Pool Elev ROC
- [l Max Outflow equals Max 21 day Inflow | Period Average Limit

# Conservation o
~[@ Min Flow Lagic - Townshend [T] Hour of Day Multiplier
-l [”] Day of Week Multiplier
[l Connecticut at North Walpole - Linear
[l Connecticut at Montague - Linear [7] Rising/Falling Conditian
~[@ MAXROC-Increasing Seasonal Variation

-l MAX ROC-Decreasing
[l MaxPool Elev ROC
™ inactive i

Figure 18: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max conservation Release at

Townshend
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Tully

l. Overview

Tully Lake dam is a dam located in Royalston, Massachusetts on the Millers River. It was constructed in
1949 by the US Army Corps of Engineers and is still owned and operated by the Corps. It is primarily
used for flood control purposes but also for recreation.

Figure 1 shows the location of Tully Dam as it is represented in the HEC-ResSim model, and Figure 2
shows the photo from Tully dam.

.‘_‘(-OF‘ Fond_In

i
. O Grafton Fond_In

GO

3 St

Sl
(@ tonmetticat at Wouth
h

Figure 1: HEC-ResSim Map Display Showing Location of Tully dam
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http://en.wikipedia.org/wiki/Royalston,_Massachusetts

Tully

Figure 2: Photo of Tully Lake dam.

Il Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3. The dam consists of
two types of outlets: (1) controlled slide gates, and (2) uncontrolled spillway, as shown in Figure 4. All
physical and operations data were provided by US Army Corps New England District, through both a
previously created ResSim model and the Reservoir Regulation Team website®.

% http://rsgisias.crrel.usace.army.mil/nae/cwms_map.map_index

538



Tully

- N
K1 Reservoir Editor —— - —— - .*’ g
Reservoir Edit Pool
Resenvolr [Tully +| Description [:]| [1][«] 810174 | ][m]
Physical | Operations | Observed Data|
Tully-Pool
@ Linear Interpolation ) ConicInterpolation  Initial Conic Depth (fi) l:I
Elevation Storage Area
(ft) (ac-t) (acre)
625.00 0.00 0.00f »
G26.00 5.00 5.00( |
627.00 10.00 10.00 670
628.00 15.00 17.00 660
629.00 20.00 20.00 & F50
630.00 25.00 23.00|E %’ G404
631.00 125.00 32.00 o 630
632.00 200.00 38.00 520 I
533.00 225.00 45.00 o T
634.00 375.00 55.00 (1 U GATY - Sy
635.00 425.00 G5.00 Stor (ac-fi)
636.00 525.00 78.00 5704
637.00 650.00 95.00 5504
638.00 825.00 112.00 & Fsid
639.00 1025.00 140.00 = i
540.00 1225.00 21000] | 2 8407
§41.00 1500.00 305.00 G0
642.00 182500 365.00 620 T T
543.00 2200.00 420.00 LI LU 2l
G44.00 2600.00 465.00 Area (acre)
G45.00 3025.00 505.00
646.00 3475.00 545.00
647.00 4025.00 580.00
G48.00 4575.00 G15.00] 7
[ OK ] [ Cancel Apply
L - _m—— -]
Figure 3: Reservoir Editor: Physical Tab -- Pool
' - ™
K7 Reservoir Editor — m .# u
Reservoir Edit Dam
Reservoir Tyl - | Description [:]‘ Em 51 mmlm@
Ehysical | Operations | Obsenved Data|
M Tully Tully-Dam
8 Paal
SRV Dam | Elevation attop of dam (ft) | |
4 Slide Gates
Length attop of dam (f) | |
Composite Release Capacity
Elevation Controlled | Uncontrall... Total
® (cfs) (cfs) (cfs) B =T
625.0 0.0 0.0 0.0/~ 5 B8O
630.0 290.0 0.0 290.0[ | T £ g4nd
i}
635.0 510.0 0.0 510.0 2 -
&40.0 630.0 0.0 630.0 G20 T T T
£45.0 720.0 0.0 720.0 U0 000 i
650.0 780.0 0.0 780.0 Flow
655.0 830.0 0.0 830.0(% (cf=)
660.0 860.0 0.0 860.0
665.0 £90.0 0.0 890.0
668.0 900.0 0.0 900.0
662.9 900.0 825.0] 1,725.0
669.0 900.0 es0.0  1,750.0/—
670.0 900.0]  2,400.0] 3,300.0
671.0 900.0]  4,250.0] 5,150.0
672.0 900.0]  6,600.00 7,500.0
673.0 900.0]  9,500.0] 10,400.0
674.0 900.0] 12,700.0] 13,600.0
675.0 900.0] 16,000.0] 16,900.0
676.0 900.0] 20,000.0] 20,900.0
672.0 aoo.ol 28.700.0 29.600.007
[ Ok ] l Cancel Apply
g = = J

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Tully’s
“ExistingOps” operational zones, which consist of zones of Excess Surcharge (684 ft), Surcharge Storage
(672 ft), Flood Control (668 ft), Conservation (638-641 ft), and Inactive zone (625 ft).

T — ™
n Reserveir Editor p— I— . - ﬁ
Reservoir Edit Operations Zone Rule IF_Block

Reservoir .Tully - | Description o [E]@ 1 of 74 @@
Physical | Operations | Observed Data
tl
Operation Set :ExistingDps v: Description =)
Zone-Rules | I I I
@™ Excess Surcharge st z Conservation - - ™)
‘[l Gate Operation to Save the Dam A0 IS ESCHIMOT
™ Surcharge Storage Function of | -
: ate
[l Gate Operation During Surcharge
@™ Flood Control -
..... [ Channel Capacity Date Top Elevation (ft) -
----- [l Minimum Releases 01Jan 638.0) «
----- [l Max at Athol - DC 31Mar G380 Ga0-
----- [@ Connecticut at Montague - Linear || [08Apr 638.0 —
----- [l Connecticut at Harfford - Linear 15Apr 643.0 =
----- @ Maximum Rate of Increase A7 Apr 638.0 = BEOA
----- [ Maximum Rate of Decrease 01May G41.0 % £50-
----- [ Max Pool Elev ROC 30Mav 6410| | 7
----- @ Max Qutflow = Max 21d Inflow 01Dec 638.0|5| m 40— A
- a0-
""" [l Channel Capacity
----- [ Min Flow Logic - Tully 620 T T T T
..... W Max at Athol - DC Jan Mar May Jul Sep Mov
----- @ Connecticut at Montague - Linear
----- [l Connecticut at Harfford - Linear =
----- [l Maximum Rate of Increase
(W - @ Maximum Rate of Decrease -
{1l [ Max Pool Elev ROC
o [nactive Zone Sort Elevation

‘ 1

| ok |[ cancel Apply

- — L 4

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops.

ﬂ Reservoir Editor

Reservoir Edit Operations Zone Rule IF_E

Resenvoir | Tyl ~| De

Physical| Operations | Observed Data

Cperation Set :Existing[}ps

Zone-Rules | | |

i Excess Surcharge
[l Gate Operation to Save the Dam
p Surcharge Storage

[l Gate Operation During Surcharge
g Flood Control

----- [@ Channel Capacity

----- [E Minimum Releases

----- @ Max at Athol - DC

----- [B Connecticut at Montague - Linear
----- [E Connecticut at Hartford - Linear
----- [E Maximum Rate of Increase

----- [E Maximum Rate of Decrease

----- [@ Max Pool ElevROC

----- @ Max Qutflow = Max 21d Inflow

L Jconservation

----- [@ Channel Capacity

----- [@ Min Flow Logic - Tully

----- @ Max at Athol - DC

----- [B Connecticut at Montague - Linear
----- [E Connecticut at Hartford - Linear

----- [E Maximum Rate of Increase

----- [E Maximum Rate of Decrease

----- @ Max Pool ElevROC

|.n Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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C. Rule Descriptions

1. Gate Operation to Save Dam
Figure 7 shows the content of “Gate Operation to Save Dam” rule. This rule represents the
maximum allowable release from Slide gates as a function of pool elevation when the pool is in

Excess Surcharge zone.

Operation Set :ExistingDps v: Description [:]
Zone-Rules | | | |
wh Excess Surcharge Operates Release From: Tully-Slide Gates
i | Gate Operation to Save the Dam . L
Rule Name: yperation to Save the Dam | Description: )

! Surcharge Storage
[l Gate Operation During Surcharge
@™ Flood Control
-l Channel Capacity
[l Minimum Releases
[l Max at Athol - DC
[l Connecticut at Montague - Linear
-l Connecticut at Hartford - Linear
-[@ Maximum Rate of Increase
[l Maximum Rate of Decrease
[l Max Pool Elev ROC
[l Max Qutflow equals Max 21 day Inflow
@ Conservation
--[@ Channel Capacity
[l Min Flow Logic - Tully
[l Max at Athal - DC
-[l Connecticut at Montague - Linear
[l Connecticut at Hartford - Linear
[l Maximum Rate of Increase
[l Maximum Rate of Decrease
-l Max Pool Elev ROC
o [nactive

Function of: | Tylly-Pool Elevation, Lagged Value, 48.0 hr lag

Limit Type: |Maxim._. - Interp: Lin. |

Elev (ft) Release (cfs)
672.0 0.0| =
673.0 500.0
674.0 T60.0
675.0 850.0
676.0 900.0
679.0 900.0

-

Rek=maidt)
;

[7] Period Average Limit
[7] Hour of Day Multiplier

] Day of Week Multiplier
[ Rising/Falling Condition
[7] seasonal Variation

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet —Gate Operation to Save Dam
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2. Gate Operation During Surcharge
Figure 8 shows the content of “Gate Operation During Surcharge” rule. This rule represents the
maximum allowable release from Tully as a function of pool elevation when the pool is in

Surcharge storage zone.

Operation Set :ExistingDps v: Description E]
Zone-Rules | | | |
wh Excess Surcharge Dperates Release From: Tully-Tully River
[l Gate Operation to Save the Dam ) L
Rule Name: peration During Surcharge | Description: =

@™ Surcharge Storage
-
#m Flood Control
--[@ Channel Capacity
-l Minimum Releases
[l Max at Athal - DC
-[@ Connecticut at Montague - Linear
[l Connecticut at Hartford - Linear
[l Maximum Rate of Increage
[l Maximum Rate of Decrease
[l Max Pool Elev ROC
[l Max Outflow equals Max 21 day Inflow
s Conservation
[l Channel Capacity
[l Min Flow Logic- Tully
-[H Max at Athal - DC
-[@ Connecticut at Montague - Linear
[l Connecticut at Hartford - Linear
-l Maximum Rate of Increase
[l Maximum Rate of Decrease
-l Max Pool Elev ROC
oM [nactive

Function of: | Tylly-Pool Elevation, Lagged Value, 48.0 hr lag

Limit Type: |Maxim... ~ | Interp: | Lin.. |

Elev (ft) Release (cfs)
G68.0 2250 -
6689 0.0
672.0 0.0

-

o
T T T T T T T
BE BEAS BEY B9 ETD A0S BT BTG ERR

Ekeu (i)

[7] Period Average Limit

[ Hour of Day Multiplier
[] Day of Week Multiplier
[7] Rising/Falling Condition

[7] seasonal Variation

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet —Gate Operation During Surcharge
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3. Channel Capacity

Figure 9 shows the content of “Channel Capacity” rule. This rule shows the maximum allowable

release from Tully.

Operation Set :ExistingOps v: Description E]
Zone-Rules | | | |
& Excess Surcharge Operates Release From: Tully-Slide Gates
[l Gate Operation to Save the Dam . A,
Rule Name: | Channel Capacity Description: )

™ Surcharge Storage
[l Gate Operation During Surcharge
@™ Flood Control

----- i)

----- [E Minimum Releases

----- [E Max at Athol - DC

----- @ Connecticut at Montague - Linear
----- @ Connecticut at Hartford - Linear
----- B Maximum Rate of Increase

----- @ Maximum Rate of Decrease

----- [l Max Pool Elev ROC

----- B Max Outflow equals Max 21 day Inflow
oA Conservation

----- [E Channel Capacity

----- [E Min Flow Logic- Tully

----- [ Max at Athol - DC

----- [E Connecticut at Montague - Linear
----- [E Connecticut at Hartford - Linear
----- @ Maximum Rate of Increase

----- B Maximum Rate of Decrease

----- [ Max Pool Elev ROC

oM (nactive

Function of | pate

Limit Type: |Maxim.. - | Interp:|Lin. « |

Date Release (cfs)

8250/ -

01Jan

au
an
am -
2
a0 |
|
Az |
2 -
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Dakena (o2

-

L] T T T T T
War  Mzy  dul Sen Hov

Jan

[ Period Average Limit

[] Hour of Day Multiplier
[] Day of Week Multiplier

[T Rising/Falling Condition Edit...

Seasonal Variation Edit...

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet —Channel Capacity

4. Minimum Releases

Figure 10 shows the content of “Minimum Releases” rule. This rule shows the minimum
required release from dam during flood control operations.

Operation Set :Existing[)ps v: Diescription ]
Zone-Rules | | |
#A Excess Surcharge Dperates Release From: Tully-Slide Gates
[l Gate Operation to Save the Dam -
Rule Mame: |pinimum Releases Description: =

W™ Surcharge Storage
[l Gate Operation During Surcharge
@™ Flood Control

----- [E Channel Capacity

----- i)

----- [l Max at Athol - DC

----- [@ Connecticut at Montague - Linear
----- B Connecticut at Hartford - Linear
----- B Maximum Rate of Increase

----- [E Maximum Rate of Decrease

----- [E Max Pool Elev ROC

----- B Max Outflow equals Max 21 day Inflow
o™ Conservation

----- [E Channel Capacity

----- [E Min Flow Logic - Tully

----- (@ WMax at Athol - DC

----- [E Connecticut at Montague - Linear
----- B Connecticut at Hartford - Linear
----- @ Maximum Rate of Increase

----- B Maximum Rate of Decrease

----- [E Max Pool Elev ROC

A [nactive

Function of. |pate

Limit Type: [Minim.. | Interp. [Lin.. « |

Date
01Jan

Release (cfs)
258.0| -

2224
2514

Rk (i)
¥OH
\.ID =3

B
@
1

dan Mar May ol =

[ Period Average Limit
[ Hour of Day Multiplier
[T Day of Week Multiplier

[ Rising/Falling Condition

Seasonal Variation Edit...

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet —Minimum Releases
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5. Max at Athol-DC

Figure 11 shows the content of “Max at Athol-DC” rule. This rule shows the maximum allowable
flow at the downstream location Millers at Athol.

Operation Set iEHistingDps "i Description [:]
Zone-Rules | I |
wh Excess Surcharge Operates Release From: Tully
[l Gate Operation to Save the Dam L
Rule Name: |pax at Athol - DC Description: =l

@ Surcharge Storage
--[l Gate Operation During Surcharge
M Flood Control
----- [ Channel Capacity
""" @ Minimum Releases
----- )
----- [ Connecticut at Montague - Linear
""" [B Connecticut at Hariford - Linear
""" [E Maximum Rate of Increase
----- [E WMaximum Rate of Decrease
----- B Wax Pool Elev ROC
""" [E Wax Outflow equals Max 21 day Inflow
@ Conservation
----- [ Channel Capacity
----- @ Win Flow Logic - Tully
----- [ Max at Athol - DC
----- [B Connecticut at Montague - Linear
""" [B Connecticut at Hartford - Linear
----- [E Maximum Rate of Increase
----- [B Maximum Rate of Decrease
----- @ Max Poal Elev ROC
o [nactive

Function of: |pate

Limit Type: |Maximu.. « | Interp. [Line.. = |

Downstream Location:

Parameter:

Millers at Athol

:Flow

Date

Flow (cfs)

01Jan

2970.0

-

a0
2930+
2530
2970
29650
29504
2E T T T 1

Jan Mar May  Jul Zep Haw

Flaw (5]

Period Average Limit Edit...

[7] Hour of Day Multiplier
[] Day of Week Multiplier

Seasonal Variation

[ Flow Contingency

[ Advanced Options l

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet —Max at Athol-DC
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6. Connecticut at Montague-Linear
Figure 12 shows the content of “Connecticut at Montague-Linear” rule. This rule represents the
maximum allowable release from the dam as a function of the previous day stage at Montague.
The previous day stage was used to account for the delay that occurs between the stage
exceeding the specified target and the change in operations at the flood control dams that

occurs in reality.

Operation Set iExistingDps 'i Description [:
Zone-Rules | | |
wh Excess Surcharge Operates Release From: Tully
[ Gate Operation to Save the Dam . L
Rule Name: | cticut at Montague - Linear | Description: [

M Surcharge Storage
[l Gate Operation During Surcharge
@™ Flood Control
[l Channel Capacity
- [l Minimum Releases
- [l Max at Athal - DC
-
--[ll Connecticut at Hartford - Linear
- [l Maximum Rate of Increase
[l Maximum Rate of Decrease
-l Wax Pool Elev ROC
-l Max Qutflow equals Max 21 day Inflow
# Conservation
[l Channel Capacity
- [@ Min Flow Logic - Tully
-l Max at Athal - DC
--[@ Connecticut at Montague - Linear
--[ll Connecticut at Hartford - Linear
- [l Maximum Rate of Increase
[l Maximum Rate of Decrease
-l Wax Pool Elev ROC
M [nactive

Function of: | Connecticut at Montague Stage, Previous Value

Limit Type: | Maxim... - Interp: [Lin.. = |

Stage (ft) Release (cfs)
0o 8250| »
26.0 825.0
270 660.0
28.0 495.0
29.0 330.0
300 165.0
3.0 0.0
50.0 0.0

-

00|
EBII:
Ea-:-:u—
2 -
a T T T T
005 M 15 W 25
Hage ()

[ Period Average Limit
[T Hour of Day Multiplier
[T Day of Week Multiplier
[T Rising/Falling Condition Edi

[ Seasonal Variation

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet —Connecticut at Montague-Linear
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7. Connecticut at Hartford-Linear
Figure 13 shows the content of “Connecticut at Hartford-Linear” rule. This rule represents the
maximum allowable release from the dam as a function of the previous day stage at Hartford.
The previous day stage was used to account for the delay that occurs between the stage
exceeding the specified target and the change in operations at the flood control dams that
occurs in reality.

Operation Set :Existingops v: Description

Zone-Rules | | |

wh Excess Surcharge Operates Release From: Tully

[l Gate Operation to Save the Dam ] o
# Surcharge Storage Rule Name: \ecticut at Hartford - Linear| Description:

L
)
L[l Gate Ciperation During Surcharge )
& Flood Control Function of: | connecticut at Hartford Stage, Previous Value
[l Channel Capacity

Limit Type: |Maxim.. « | Interp. Lin.. =

[l Minimum Releases
[l Max at Athol - DC oy
-~ Connecticut at Montague - Linear S0 Release (cfs) 5
= WConnecticut at Hartford - Linear 0.0 8250 = E a0
[l Maximum Rate of Increase 18.0 2250 % o]
-[@ Maximum Rate of Decrease 198.0 G60.0 o
20.0 495.0 T T 1T T T T T 1
[E Max Pool Elev ROC 005 10 15 20 25 20 35 40 45 )
[l Max Qutflow equals Max 21 day Inflow 21.0 3300 _—_
o Conservation 22.0 165.0
[l Channel Capacity 23.0 0.0 [7] Period Average Limit Edit...
~[@ Min Flow Logic - Tully 50.0 0.0 -
- [l Max at Athol - DC [ Hour of Day Multiplier
-[@ Connecticut at Montague - Linear [7] Day of Week Multiplier

-[@ Connecticut at Hartford - Linear

[ Maximum Rate of Increase "] Rising/Falling Condition

[l Maximum Rate of Decrease [7] Seasonal Variation Edit

[l Max Pool Elev ROC -
o [nactive -

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at Hartford-Linear
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8. Maximum Rate of Increase
Figure 14 shows the content of “Maximum Rate of Increase” rule. This rule shows the maximum

allowable increasing release rate of change as a function of release from Tully.

COperation Set :ExistingDps

- Description

Zone-Rules | | |

#M Excess Surcharge
[l Gate Operation to Save the Dam
#h Surcharge Storage

‘[l Gate Operation During Surcharge
sl Flood Control
----- @ Channel Capacity
----- @ Minimum Releases
----- [ Max at Athol - DC
----- B Connecticut at Montague - Linear
----- @ Connecticut at Hartford - Linear
----- )
----- B Maximum Rate of Decrease
----- @ Max Pool Elev ROC

@ Conservation

----- [E Channel Capacity

----- [E Min Flow Lagic - Tully

----- @ WMax at Athol - DC

----- [E Connecticut at Montague - Linear
----- @ Connecticut at Hartford - Linear
----- B Maximum Rate of Increase

----- B Maximum Rate of Decrease

----- B Max Pool Elev ROC

o [nactive

Figure 14: Reservoir Editor: Operations Tab — Existing Ops OpSet —Maximum Rate of Increase

----- B Max Qutflow equals Max 21 day Inflow

Operates Release From: Tully-Slide Gates

Release Rate of Change Limit | ) aximum Rate of Increase

Description:

Function Of | Release =
Type Increasing -
Interpolate | Linear - |

Release (cfs) Rate Change (cfs/...
0.0 200.0| «

600.0 200.0

600.1 50.0

123456.0 50.0

m

9. Maximum Rate of Decrease
Figure 15 shows the content of “Maximum Rate of Decrease” rule. This rule shows the

maximum allowable decreasing release rate of change.

Operation Set :ExistingDps

- Description

Zone-Rules | I I

220
200+
1804
160
1404
1204
1004

804

60

Rate Change {cfsthr)

40
0

T T T T
60,000 120,000
Release (cfs)

# Excess Surcharge
[l Gate Operation to Save the Dam
™ Surcharge Storage

‘[l Gate Operation During Surcharge

# Flood Control

----- @ Channel Capacity

----- [ Minimum Releases

----- [l Max at Athol - DC

----- B Connecticut at Montague - Linear

----- B Connecticut at Hartford - Linear

----- B Maximum Rate of Increase

----- B

----- [E Max Pool Elev ROC

----- @ Max Outflow equals Max 21 day Inflow
#m Conservation

----- [ Channel Capacity

----- [E Min Flow Logic- Tully

----- [ Max at Athol - DC

----- [l Connecticut at Montague - Linear

----- B Connecticut at Hartford - Linear

----- B Maximum Rate of Increase

----- [H Maximum Rate of Decrease

----- [\ Max Pool Elev ROC

o [nactive

Figure 15: Reservoir Editor: Operations Tab — Existing Ops OpSet — Maximum Rate of Decrease

Operates Release From: Tully-Slide Gates

Description:
Function Of. 'Constam
Type jDecreasing

Max Rate of Change (cfs/hr)
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10. Max Pool Elev ROC
Figure 16 shows the content of “Max Pool Elev ROC” rule. This rule shows the maximum

allowable decreasing pool elevation rate of change.

Operation Set :Existingops v: Description C]
Zone-Rules | | |
A Excess Surcharge Operates Release From: Tully

[l Gate Operation to Save the Dam
#® Surcharge Storage

[l Gate Operation During Surcharge Description ®
@& Flood Control
----- i Channel Capacity Function OF [ Gonstant -
----- @ Minimum Releases : :
----- [ Max at Athol - DC Type Decreasing -

----- [@ Connecticut at Montague - Linear : .
----- @ Connecticut at Hartford - Linear () Instantaneous
----- [l Maximum Rate of Increase

----- @ Maximum Rate of Decrease
""" ] Max Change of (ft) 5.0 Over 24 hours
----- [l Max Outflow equals Max 21 day Inflow
@ Conservation

----- B Channel Capacity

----- [E Min Flow Logic - Tully

----- @ Max at Athol - DC

----- B Connecticut at Montague - Linear

----- @ Connecticut at Hartford - Linear

----- [l Maximum Rate of Increase

----- [E Maximum Rate of Decrease

----- @ Max Pool Elev ROC

ol [nactive

Figure 16: Reservoir Editor: Operations Tab — Existing Ops OpSet —Max Pool Elev ROC

Elevation Rate of Change Limit |j1ax Pool Elev ROC

@ Period Average

11. Max Outflow equals Max 21 day Inflow
Figure 17 shows the content of “Max Outflow equals Max 21 day Inflow” rule. This rule
represents the maximum release from dam as a function of the previous 3 weeks of inflow.

Operation Set :Existingops v: Description E]

Zone-Rules | | |

wh Excess Surcharge Operates Release From: Tully

[ Gate Operation to Save the Dam . -
¥ Surcharge Storage Rule Name: |y equals Max 21 day Inflow | Description: o

------ [ Gate Operation During Surcharge .
& Flood Contral Function of: | iy-Pool Inflow, Period Maximum, 0.0 hr lag, 504.0 hr period

----- B Channel Capacity
----- [E Minimum Releases
----- [E Max at Athol - DC ]
----- [@ Connecticut at Montague - Linear Flow (cfs) Release (cfs)
----- B Connecticut at Hartford - Linear 0.0 0.0] ~
----- [H Maximum Rate of Increase 825.0 825.0
----- [l Maximum Rate of Decrease 123456.0 825.0 B

----- 1@ Max Pool Elev ROC U e e
----- B Flow ()

A Conservation
----- [ Channel Capacity 7] Period Average Limit
..... E :::;nx';lf,:\;hﬁ?lgcmny [] Hour of Day Multiplier
----- @ Connecticut at Montague - Linear [7] Day of Week Multiplier
----- [l Connecticut at Hartford - Linear

----- [l Maximum Rate of Increase [C] Rising/Falling Condition
----- [E Maximum Rate of Decrease [F] Seasonal Variation
----- [@ Max Pool ElevROC
w [nactive

Figure 17: Reservoir Editor: Operations Tab — Existing Ops OpSet —Max Outflow equals Max 21 day
Inflow

Limit Type: |maxim.. » | Interp: [Lin.. «

Rakasa ()
B
1

549



Tully

12.Min Flow Logic-Tully
Figure 18 shows the content of “Min Flow Logic-Tully” rule. This rule provides seasonal
minimum releases from Tully as a function of inflow.

Operation Set iExistingDps vj Description
Zone-Rules | | |
#h Excess Surcharge Operates Release From: Tully

[l Gate Operation to Save the Dam
™ Surcharge Storage

...l Gate Operation During Surcharge i
B Flood Control Function of | Tully-Pool Net Inflow, Current Value

Rule Name: |Iin Flow Logic - Tully Description:

3]
I O

""" g :jihnEiI:nnuerLcF?eplzggyes LimitType:  Winimum  ~ | Interp: Linear .
----- [ Maxat Athol - DC
----- @ Connecticut at Montague - Linear Flow SEEEEE LS T ¥
----- [ Connecticut at Harfford - Linear @) | o1dan | o1Apr | 0tJun |o010ct| | § 1
----- W Maximum Rate of Increase 0.0 0.0 0.0 0.0 00 o % =0
""" @ Maximum Rate of Decrease 2499) 17493] 17.493[ 17.493[17.493 a1 |
""" @ WaxPool ElevROC 250] 175  175] 250 175 o w0 @m0 2000
----- B Max Outflow equals Max 21 day Inflow 4099) 349003 34993 250/34993 Flaw (3]
#8 Conservation 500  50.0 350 250[ 500
----- g Channel Capacity 19904 500 139993 250/ s00 [~] Period Average Limit
""" 2000 500| 2000 250 500 . .
""" [@ Maxat Athol - DC 123456.0] 500 =2000] 250[ 50.0 [ Hour of Day Muipiier
----- @ Connecticut at Montague - Linear [7] Day of Week Multiplier
""" @ Connecticut at Hartford - Linear o _ -
..... B Maximum Rate of Increase D Rising/Falling Condition
----- @ Maximum Rate of Decrease -
_____ B Hax Pool Eley ROC Seasonal Variation
o [nactive =

Figure 18 Reservoir Editor: Operations Tab — Existing Ops OpSet —Min Flow Logic-Tully
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Turners Falls

l. Overview

Turners Falls dam is located on the mainstem Connecticut River directly downstream of Northfield
Mountain and the confluence with the Millers River. FirstLight Power Resources owns and operates
Turners Falls which is used to generate hydropower at two downstream stations (one of those stations
is modeled as a separate reservoir, Power Canal). It is also operated in connection with Northfield
Mountain, another FirstLight Power Resources project.

Figure 1 shows the location of Turners Falls dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo from Turners Falls dam.
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Figure 1: HEC ResSim Map Display Showing Location of Turners Falls dam
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o

et

Figure 2: Photo from Turners Falls dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3*°. The dam consists of

two types of outlets: (1) controlled Gatehouse to Canal, and (2) controlled spillway Gates, as shown in
Figure 4.

2 Al physical and operational data from ResSim model developed by Gomez and Sullivan Engineers, P.C.
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'
n Reservoir Editor

— - — ) —

S

Reservoir Edit Pool

Resenoir [Turners Falls

= ] Description

0] i) rzorre )00

Bhysical |Qperations Observed Data|

A Tumers Falls Turners Falls-Pool
-~ Dam @ Linear Interpolation ) ConicInterpolation  Initial Conic Depth (ff) I:I
-4 Gatehouse to Canal
L E’;;};E:I'allwater Elevation Storage Area
¥ Spillway Gates ®) (act) (acre) 1887

‘. # Routing 17226 0.00 = 184
176.00 4150.00 = ]
177.00 5600.00 3 1807
178.00 7500.00 w 176
179.00 9200.00 1?2_
180.00 11100.00 R
181.00 13000.00 L 0 10,000 20,000
182.00 14750.00 3 Stor (ac-ft)
183.00 16600.00 188
184.00 18450.00 1844
185.00 20200.00 = —
186.00 22100.00 < 1807
186.50 23000.00 & 1764

LI o e o e
0 140 300 450
Area (aore)
OK l [ Cancel ] | Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

L
n Reservoir Editor

— - — ) —

S

Reservoir Edit Dam

Resemoir [Turners Falls

- ] Description

0] (W] 72 0174 [ ][]

Physical | Operations | Observed Datal

A Tumers Falls Turners Falls-Dam
' Pool
U: Elevation attop of dam (ft) | 135_5|
=4 Gatehouse to Canal
; - Tailwater Length attop of dam (ft) | 1123_0|
o Bypass
4 Spillway Gates Composite Release Capacity
# Routing
Elevation Controlled Uncontrolled Total
(ft) (cfs) (cfs) (cfs) 200
0.0 16,524.0 0.0 16,524.0 E 7
200.0 16,524.0 0.0 16,524.0| T & 1007
z i
w 07T TTTTTT
0 10,000
Flov
(cfs)
oK ][ cancel || Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Turners Falls

lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Turners Falls’s
“ExistingOps” operational zones, which consist of zones of Flood Control (185.5 ft), FERC Max Pool (185
ft), Normal pool (181.3 ft), Buffer (179 ft), and Inactive zone (176 ft)".

r ¥
n Reservoir Editor

-—-—-—-—-.-——- ===

Resemnoir | Tumers Falls

Reserveir Edit Operations Zone Rule IF Block

- | Description

Physical| Operations | Observed Data

o) [W][a] 72 0r 74| ][m]

----- [@ Canal Release (script)
---- [@ Canal Max Release
\wm FERC Max Pool

----- [@ Canal Release (script)
----- [@ Canal Max Release

ralConservation]

----- [@ Canal Release (script)
----- [l Canal Max Release
@™ Buffer

""" @ Canal Release (script)
----- [@ Canal Max Release
l |a (nactive

#-f } Min Bypass Release (script)
----- [E Min Project Release (script) Function of |pate

----- [E Min Project Release (script)

#-{ } Min Bypass Release (script)
""" [E Min Project Release (script)

-{ } Min Bypass Release (script)
""" [E Min Project Release (script)

Operation Set :Existing Ops v: Description [:]
Zone-Rules | Rel Alloc. | | |
Flood Control !
|~ Storage Zone Conservation Description [

Date

Top Elevation (ft)

#-f } Min Bypass Release (script) 01Jan

181.3

186

184+

182

180

Elewation

178+

176

T T T T T
Jan Mar May Jul Sep kow I

Zone Sort Elevation

[ 0K ” Cancel ” Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops.

:i Reservoir Editor

Reservoir Edit Operations Zone Rule IF B

Resenvoir | Tumers Falls ~ De

Physical| Qperations | Observed Data

Cperation Set :Existing Ops

fone-Rules | Rel. N'”':-l |

|.qu Flood Control

=L } Min Bypass Release (script)
= IF (01Apr - 15Jul)
- [ Release 400 cfs or inflow
= = ELSE IF (16Jul - 14Sep)
- [@ Release 120 cfs or inflow
EF* ELSE IF (153ep - 15Mav)

[l Release 300 cfs or inflow

----- (B Min Project Release (script)

----- [@ Canal Release (script)

----- [@ Canal Max Release

| FERC Max Pool

=-f } Min Bypass Release (script)

----- (B Min Project Release (script)

----- [@ Canal Release (script)

----- @ Canal Max Release

|

=-f } Min Bypass Release (script)

----- (B Min Project Release (script)

----- [@ Canal Release (script)

----- [@ Canal Max Release

|w™ Buffer

=-f } Min Bypass Release (script)

----- (B Min Project Release (script)

----- [@ Canal Release (script)

----- [@ Canal Max Release

[ Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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C. Rule Descriptions

1. Min Bypass Release(script)
Figure 7 shows the content of “Min Bypass Release (script)” rule. This script was created
because the available Turners Falls pool inflow parameter includes generation flow from

This doesn't present too much of a problem with the current low min flow

requirements because they are almost always exceeded, but could lead to issues with greater

min flow requirements.

Northfield.

Operation Set :Existing Ops

- Description

Zone-Rules | Rel. Alloc. |

™ Flood Control
(=W ¥1in Bypass Release (script)
= |F (01Apr - 15Jul)

Operates Release From: Turners Falls-Bypass

Mame: | Bypass Release (script)| Description: | This scriptwas created because the available Turners Falls pool L1

Type Name Description
IF 01Apr-15Jul
ELSE IF 16Jul - 145ep
ELSE IF 158ep - 15Mov
Operation Set | Existing Ops « | Description =
Zone-Rules | Rel. Allgc_l |
L F"md_ Caontrol ) Operates Release From: Turners Falls-Bypass
=-{ } Min Bypass Release (script)
=2 A IF (01Apr - 15Jul) IF Conditional |g4Apr- 15Jul Description: ]
-l Release 400 cfs ar inflow
Er" ELSEIF (16Jul - 14Sep) Walue1 WValue2
| Current Time Step | == | 01Apr
AND | Current Time Step [ =< ] 16Jul add Cond.
13 # creste new Operation Value (OpValue) to return -~
14 opWalue = OpWalus (]
15
16 # Calculate the natural inflow of Turners Falls (not including pump/gen £low from Northfield).
17 ctriver_at_pauchauy = network.getTimeSeries|"Junction”, "Connecticuc+Fauchaug”, "7, "Flou"].getCurrentValue (currentRuntimestep)
18 millers_at_mouth = network.getTimeSeries ("Junction”,"Millers at Mouth”, ", "Floy").getCurrentValue (currentRuntimestep)
19 ctlocal at_millers = network.findJunctioni”Connecticut+Millers').getLocalFlowTimeSeries ("SYE CCMMECTICUTHHMILLERS™) .getCurrentValue jcurrentRuntimestep)
20 TF_naturalinflow = ctriver at_pauchaug + millers at_mouch + ctlocal at millers
zl #julian day = currentRuntimestep.day0f¥ear() |
2z
23 # set type and value For OpValue
24 # type is one of:
25 # OpRule.RULETYDPE MAX - maximwm Llow
28 # OpRule.RULETYPE MIN - minimwm Llow
27 # OpRule.RULETYPE SPEC - specified flow
28 #if julian day > '1°' E
29 if TF_naturalinflow < 400:
30 op¥alue. init (OpRule .RULETYPE_NIN, TF_naturalinflow)
31 else:
3z op¥alue. init (OpRule.RULETYPE_NIN, 400]
33
34 # return the Operation Value.
35 # return "Nome" to kave no effect on the compute 4
38 return opvValue Lt
Operation Set | Existing Ops ~ Description (]
Zone-Rules | Rel. Alloc. | I
Ll Flood_ Cantral ) Operates Release From: Turners Falls-Bypass
-4 ¥} Min Bypass Release (script)
E}-D IF (D1Apr - 15.4ul) ELSE IF Conditional 16Jul - 145ep Description: [:]
‘[l Release 400 cfs orinflow
* ELSE IF {16Jul - 143ep) Value1 Value2
-1l Release 120 cfs or inflow | Current Time Step [ = | 16.Jul
& ELSE IF (155ep - 15Mov) AND [ Current Time Step [ = 15Sep Add Cond.
[l Release 300 cfs orinflow
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13 # create new Operation Value (OpValue) to return
14 opV¥alue = OpWaluei)
15
16 # ralculate the natural inflow of Turpers Falls (not irnclading pump/gen flow from Northfield).
17 ctriver_at_pauchauy = netvork.getTimeSeries("Junction”,"Connecticut+Pauchaug”, "7, "Flow”].getCurrentValue|currentRuntimestep)
18 willers_at_mouth = network.getTimederies("Junction”, "Millers at Mouth", ", "Floy”].getCurrentValue currentRuntimestep)
138 ctlocal at millers = network.findJunction("Connecticuc+Millers").getLocalFlowTineSeries ("SYE COMMNECTICUT+MILLERS') .getCurrentValue [currentRuntinescep)
20 TF_naturalinflov = ctriver at_pauchaug + millers_at_mouth + ctlocal at_millers
2l
22 # set type and value for OpValue
23 # tvpe is one of:
24 # OpRule.RULETYPE MAY - maximum £low
25 # OpRule.RULETYPE MIN - minimum £low
26 # OpRule.RULETYPE SPEC - specified flow
27 if TF_naturalinflow < 120:
28 opValue.init (OpRule.RULETYPE_MIN, TF_naturalinflow)
29 else:
30 opValue.init (OpRule.RULETYPE MIN, 120}
3l
3z # return the Operation Value.
33 # return "Nome" to have no effect on the compute
34 return opValue
Operation Set |Existing Ops + | Description ]
Zone-Rules | Rel. Allgc_l I
#& Flood Control Operates Release From: Turners Falls-Bypass

{ } Min Bypass Release (script)

= mp |F[[]1Apr-15Ju|} ELSEIF Conditional | 155ep - 15Mov Description: 3

Value1 Value2
| Current Time Step | == | 153ep

@ Release 300 cfs arinflow

CeNE ELSE IF (158ep - 15Nov) AND | Current Time Step [ =] 16Nov Add Cond

# create new Operation Value (OpValue) to return
opValue = OpValue()

15

16 # Calculate the natural inflow of Turners Falls (not including pump/gen flow from Northfield).

17 etriver_at_pauchaug = network.getTimeSeries ("Junction”, "Connecticut+Fauchaug”, "', "Flow").getCurrentValue ([currentRuntimestep)

18 millers at_mouth = network.getTimeSeries("Junction”, "Nillers at Mouth”, ", "Flow"].getCurrentValue{currentRuntimestep)

19 ctlocal at_willers = network.findJunctioni”Connecticut+Millers”) .getlocalFlowTimeSeries ("SYE CONNECTICUT+MILLERS") .getCurrentValue (currentRuntimestep)
20 TF_naturalinflow = ctriver_st_pauchaug + millers_at_mouth + ctlocal_at_millers

21 I
2z # set type and walue Ffor dpValue

23 & tvpe is ore of:

24 # OpRule.RULETYPE MAX - maximum £low

25 # OpRule.RULETYPE MIN - minimum £low

26 # OpRule.RULETYPE SPEC - spescifisd flow

27 if TF_naturalinflow < 300: H
28 opValue.init (OpRule.RULETYPE_MIN, TF naturalinflow)

29 else:

a0 opValue.init(OpRule.RULETYPE_NIN, 300)

31

32 # return the Operation Value.

33 # return "Nomne" to have no effect on the compute

34 return opValue N

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Bypass Release (script)
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2. Min Project Release(script)
Figure 8 shows the content of “Min Project Release (script)” rule. Release 1433 cfs or inflow,
whichever is less, from the Turners Falls Project (primarily released from canal). This script was
created because the available Turners Falls pool inflow parameter includes generation flow from
Northfield. This doesn't present too much of a problem with a min flow of 1433 cfs because it is
almost always exceeded, but could lead to issues with greater min flow requirements.

Operation Set | Existing Ops

~ | Description N

Zone-Rules | Rel. Alloc. I

I Juin Project Release (script) I
o[l Canal Release (script)
M@ Canal Max Release

Operates Release From: Turners Falls
Script Operation Rule | yin Project Release (script)

i FERC MaxPool Description Release 1433 dfs orinflow. whichever is less. from the Tumers Falls Project (primarily released from canal). This scriptwas crealed because the availall..]
13 # create new Operation Value (OpValue) to return i
14 opV¥alue = OpValue()

15

16 # Calculate the natural inflow of Turners Falls (rot including pump/gen flow from Northfield).

17 ctriver_at_pauchaug = network.getTimeSeries ["Junction”, "Connecticut+Pauchaug”, ", "Flow").getCurrentValue (currentRuntimestep)

18 millers at_mouth = netvork.getTimeSeries("Junction”,"Millers at Mouth”, "*, "Flow").getCurrentValue (currentRuntimestep)

13 ctlogal at_millers = network.findJunction("Connecticut+Millers”) .geclocalF lowTiveSeries ("SYE CONNECTICUT+MILLERS") .getCurrentValue [currentRuntimestep)
20 TF_naturalinflow = ctriver_at_pauchaug + millers_at_mouth + ctlocal_at_millers

21

2z # set type and value for OpValus

23 # type is one of:

24 # OpRule.RULETYPE MAX - maximum £low

25 # OpRule.RULETYPE MIN - minimum flow

26 # OpRule.RULETYPE_SPEC - specified flow

27 if TF_naturalinflow < 1433: £
28 opV¥alue.init (OpRule. RULETYPE MIN, TF naturalinflow)

23 else:

30 opValue.init (OpRule.RULETYPE_MIN, 143%)

31

az # return the Operation Value.

33 # return "None" to have no effect on the compute

34 return opValue =

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Project Release (script)
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3. Canal Release(script)
Figure 9 shows the content of “Canal release (script)” rule. When combined usable storage is <
12318 (Northfield's effective storage), only release required fishway flows to the Power Canal.

Operation Set _Ex\stiﬂg Ops > Description [:]

Zane-Rules | Rel Alloc | | |

W Min Project Release (script) ~ « Operates Release From: Turners Falls-Gatehouse to Canal
(B Canal Release (script) ) ’
Script Operation Rule | Canal Release (script)

[l Canal Max Release

w8 FERC Max Poal ) Description When combined usable storage is < 12318 (Northfield's effective storage), only release required fishway flows to the Power Canal. [
-{ } Min Bypass Release (script)

13 # create mew Operation Value (OpValue) to return B

14 opValue = Op¥alue ()

15

16 # When combined usable storage is < 12318 (Northfield's effective storage), omly release required Fishway flows to the Power Canal

17 HF storage = network.getTimeSeries|"Reservoir”, "Horthfisld”, "Pool", "Stor').getCurrentValue (currentRuntimesten)

18 TF_storage - network.getTimeSeries("Reservoiz”,"Turners Falls”, "Pool”, "Stor"].getCurrentValue [currentRuntimestep)

19 combined storage = NF storage + TF storage

20 #TF inflow = network.getTimeSeriss("Reservoir®, "Turners Falls", "Pool”, "Flow-IN").getCurrentValue(currentRuntimestsp)

21

22 cahot_capacity = 13728

23 stal_capacity = 2210

24 fishway_outflow - network.getTimeSeries ("Reservoir”,"Power Canal”, "Canal Fishways-Fishway Releases”, "Flow-SDEC'] .getCurrentValue (currentRuntimestep)

25

26

27

28 # set type and value For OpValue

20 # type is ome of:

30 # OpRule.RULETYPE MAX - maximum £low L

31 # OpRule.RULETYEE MIN - minimum £low 1

3z # OpRule.RULETYPE SPEC - specified flow

33 if combined storage <= 12318:

34 opValue. init (OpRule.RULETYPE_MAX, fishway_outflow)

35 else:

36 opWalue. init (OpRule.RULETYPE MAX, cabot capacity + stal capacity + fishway outflow)

37

£ # return the Operation Value.

39 # return "None" to have no effect on the compute

an return opValue e

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Canal release (script)
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4. Canal Max Release

Figure 10 shows the content of “Canal Max Release” rule. This rule caps the release to the canal
at the capacity of Cabot + Station 1, plus any required fishway flows. It is redundant with the
scripted Canal Release rule, but without this rule, the Min Project Release scripted rule
somehow causes the canal to receive more flow than its current capacity, leading to spikes in
the canal elevation. (The non-scripted version of the min project release rule, called Min Flow
below Cabot, does not cause this problem, but its inflow parameter includes generation flow
from Northfield, which could lead to issues with greater min flow requirements.)

Operation Set :Existing Ops v: Description [:]
Zone-Rules | Rel. Alloc. | I

wh Flood Control Operates Release From: Turners Falls-Gatehouse to Canal

-{ } Min Bypass Release (script) ] o

..... [ Min Project Release (script) || I8 N3Me: | Canal Max Release Description: | This rule caps the release to the cl

----- [E Canal Release (script) ,

..... Y Canal Max Release Function of. | Power Canal-Canal Fishways-Fishway Releases Req Flow, Cu
o FERC Max Pool S . T - ] i 1

Limit Type: ~ | Interp. —
-{ } Min Bypass Release (script) YPE. | MR P- | Sian U ggs0o

----- [E Min Project Release (script) ¥ 16 .an0

----- [B Canal Release (script) Sl LE ESIE LE E’m.zunf

----- [@ Canal Max Release 0.0 18938.0| «|  &4s000
wh Hormal Pool 200.0 16128.0 & mln ZDID SDID 4DID SDID 600
[+-{ } Min Bypass Release (script) 386.0 16324.0 o Cofe

----- [l Min Project Release (script) 586.0 16524.0 o (et}

----- [@ Canal Release (script) i o -

----- [ Canal Max Release [ Period Average Limit
™ Buffer [7] Hour of Day Multiplier Edi
-{ } Min Bypass Release (script) o :

----- [E Min Project Release (script) [] Day of Week Multiplier Edi

""" g Canal Release (script) [ Rising/Falling Condition

----- Canal Max Release
I nactive -| [l Seasonal variation

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Canal Max Release
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Union Village

l. Overview

Union Village is a dam located in Thetford, Vermomt on the Ompompanuoosuc River. It was
constructed in 1950 by the US Army Corps of Engineers and is still owned and operated by the Corps. It
is primarily used for flood control but is also used for recreation.

Figure 1 shows the location of Union Village Dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo from Union Village Dam.

bn Willage_In

Union Willage

Union Willage_Cut

O OMP_Corps Ops1

onmecticut at Wouth £y .
n

Figure 1: HEC-ResSim Map Display Showing Location of Union Village dam
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- 4"' :‘W" e = \
Figure 2: Photo of Union Village dam.

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3. The dam consists of
two types of outlets: (1) controlled Slide gates, and (2) uncontrolled Spillway, as shown in Figure 4. All
physical and operations data were provided by US Army Corps New England District, through both a

previously created ResSim model and the Reservoir Regulation Team website'®.

190 http://rsgisias.crrel.usace.army.mil/nae/cwms_map.map_index
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-
K71 Reservoir Editor

S

— I —

Reservoir Edit Pool

Resewmr Description D| (][] 24 nrulm@

Physical | gperations | Observed Data

FaN 5‘%'395 Union Village-Pool

=57 Dam Linear Interpolation ) Conic Interpolation Inial ConicDepth (@) ||

Slide Gates
< Spillway Elevation Storage Area
(fty (ac-ft) (acre)
42000 0.00 0.00] -
425.00 100.00 12.00] |
430,00 200.00 22.00
43500 300,00 33.00
440.00 400.00 45.00 00
445.00 500.00 58.00 560
45000 550,00 72.00 & 520
455.00 800.00 86.00 < ol
460.00 1200.00 97.00 fd
£ W 4404
465 00 1600 00 115.00 ]
470.00 2100.00 132.00 A00T—T T T T T
475.00 2600.00 148.00 o snnon E0,000
48000 330000 168.00 Star (ac-f)
485.00 4000.00 188.00 600
490.00 5000.00 208.00 s
495 00 5000 00 232.00 T
500.00 7250.00 25500 | & 520
505.00 8500.00 280.00 & 4807
51000 1000000 307.00 & 2403
515.00 11800.00 338.00 A0+
520.00 13700.00 372.00 0 300 BOO 800
525.00 1570000 406,00 Area (acre)
530.00 18000.00 444.00
535.00 20500.00 483.00
540,00 2300000 530.00
545.00 26000.00 575.00
550.00 29000.00 622.00
555.00 3230000 56600 .
J

Figure 3: Reservoir Editor: Physical Tab -- Pool

(
K7 Reservoir Editor

[E==)

—

Reservoir Edit Dam

Resenvolr | Unjan Village Description

| (W] 240774 m](m]

Ehysical ‘ Operations I Observed Data‘

A Union Village Union Village-Dam

i &3 Poal

Elevation at top of dam (ft) ‘

Length attop of dam (ft) ‘

Composite Release Capacity

Elevation Controlled

Uncontrolled Total

i) (cfs) (cfs) (cfs) Eig

420.0 0.0 0.0 0.0/« 5§ 940 rr‘
430.0 1,000.0 0.0 1,000.0) | B & 48

440.0 2,170.0 0.0 2,170.0 Z a0

450.0 3,000.0 0.0 3,000.0 TTTTTT
460.0]  3,700.0 0.0] _ 3,700.0 0 100,000
470.0 4,250.0 0.0 4,250.0 Flowr
430.0 4,760.0 0.0 4,760.0 (cfs)
480.0 5,220.0 0.0 5,220.0

500.0 5,600.0 0.0 5,600.0(=

510.0 £,000.0 0.0 €,000.0

520.0 6,390.0 0.0 6,390.0

530.0 6,750.0 0.0 6,750.0

540.0 7,080.0 0.0 7,080.0

550.0 7,490.0 0.0 7,490.0

560.0 7,830.0 0.0 7,830.0

564.0 8,000.0 0.0 8,000.0

566.0 8,000.0 500.0 8,500.0

568.0 g,000.0

570.0 g,000.0

572.0 8,000.0

574.0 8,000.0

576.0 g,000.0

578.0 g,000.0

579.0 8,000.0

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Union Village’s
“ExistingOps” operational zones, which consist of zones of Top of dam (584 ft), Flood Control (564 ft),
Conservation (421-440 ft), and Inactive zone (420 ft).

' - ™
K1 Reservoir Editer ﬁ

Reservoir Edit Operations Zone Rule IF Block

Resernvoir :Unign village v: Description o [E]@ 24 of 74 @[E]

Physical | Operations | Observed Data

Operation Set iExisting Ops "j Description [
Zone-Rules | | |
Top of dam -
‘;--ﬁpGate Ops to Save Dam Storage Zone Conservation Description L]
o Flood Contral Funclion of | -
ate
----- [B Channel Capacity below UY Dam
----- @ Minimum ABF .
""" [@ Connecticut at Morth Walpole - Linear Date Top Elevation (ft) 500
----- [@ Connecticut at Montague - Linear 01Jan 440.0 - ca0-
----- @ Maximum rate ofincrease 31Mar 440.0 el
----- @ Maximum rate of decrease 01Apr 421.0 el
----- @ Max Rate of Pool Drawdown 14Dec 421.0 2 aap.
----- B Max Qutflow equals 21 day Max Inflow || |15Dec 4400] | 2 el
*_Jconservation = £ oo
----- @ Channel Capacity below UV Dam & |
----- @ Min Flow Logic - Union Village i 450_
----- @ Connecticut at Morth Walpole - Linear 440 Il‘ |
----- @ Connecticut at Montague - Linear e 420 |
----- @ Maximum rate of increase 400 LIS S —
----- W Maximum rate of decrease 1l Jan Mar May Jul Sep Nov
----- @ MWax Rate of Pool Drawdown
i [nactive Zane Sort Elevation
ll ’ 0K l ’ Cancel ] [ Apply
I vy

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named
Existing Ops. As described in the Simulation/Verification section of the report, adjustments were made
to the operations to closer match gauge data.

Reservoir Edit Operations Zone Rule IF_Block

Resenvoir :Uniun village v: Descrif

Physical | Qperations | Observed Data

Cperation Set :Existing Ops

fone-Rules | | |

|.i_| Top of dam

| Flood Cantrol

----- [B Channel Capacity below UV Dam

----- @ Minimum ABF

----- [ Connecticut at Morth Walpole - Linear
----- [ Connecticut at Montague - Linear

----- [B Maximum rate ofincrease

----- [B Maximum rate of decrease

----- @ Max Rate of Pool Drawdown

----- @ Max Outlow equals 21 day Max Inflow
|~

----- [B Channel Capacity below UV Dam

----- [@ Min Flow Logic - Union Village

----- [ Connecticut at Morth Walpole - Linear
----- [ Connecticut at Montague - Linear

----- [B Maximum rate ofincrease

----- [B Maximum rate of decrease

----- @ Max Rate of Pool Drawdown

M [nactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules
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C. Rule Descriptions

1. Gate Ops to Save Dam

Figure 7 shows the content of “Gate ops to save Dam” rule. This rule represents the maximum
allowable release from slide gates as a function of pool elevation when the pool is in Top of dam

zone.

Operation Set :Existing Ops v: Description
Zone-Rules | I |
wh Top of dam Operates Release From: Union Village-Slide Gates

g ] Cate Ops to Save Dam
@ Flood Control
----- [@ Channel Capacity below UV Dam
----- @ Minimum ABF
""" [ Connecticut at North Walpole - Linear
----- [@ Connecticut at Montague - Linear
""" [l Maximum rate ofincrease
""" [ Maximum rate of decrease
----- [ Max Rate of Pool Drawdown
""" @ Max Outflow equals 21 day Max Inflow
@ Conservation
----- [@ Channel Capacity below UV Dam
----- @ Win Flow Logic - Union Village
""" [ Connecticut at North Walpole - Linear
----- [@ Connecticut at Montague - Linear
""" [l Maximum rate ofincrease
""" [ Maximum rate of decrease
----- [ Max Rate of Pool Drawdown
o [nactive
14 |

m | »

L)
Rule Name: | Gate Ops to Save Dam Description: =)
Function of: | pool Elevation, Period Average, 0.0 hrlag, 48.0 hr period
Limit Type: |Maxi.. | Interp: (L. -
' : ' L 800
Elev (ft) Release (cfs) =000
% 2000
564.0 24000| +| E*70AN
— a T T T T T T T T T
565.0 900.0 T 554 sS88 572 576 550 584
B65.5 0.0
568.0 0.0 Elevift)
h69.0 40000
570.0 7600.0| | || Period Average Limit
571.0 7950.0| | [7] Hour of Day Multiplier
A720 83000
=750 se000| | [l Day of Week Muttiplier
g;ig ggggg [7] Rising/Falling Condition
- —1- [] seasonal Variation

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Gate Ops to Save Dam
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2. Channel Capacity below UV Dam
Figure 8 shows the content of “Channel Capacity below UV Dam” rule. This rule assigns 2400 cfs
as the maximum allowable release from Union Village dam.

COperation Set iExisting Cps

vi Description

Zone-Rules | | |

™ Top of dam
[l Gate Ops to Save Dam
@ Flood Control
-
- [l Minimum ABF
--[l Connecticut at North Walpole - Linear
[l Connecticut at Montague - Linear
- [l Maximum rate ofincrease
[l Maximum rate of decrease
- [l Max Rate of Pool Drawdown
-l Max Outflow equals 21 day Max Inflow
@ Conservation
[l Channel Capacity below UV Dam
- [l Min Flow Logic - Union Village
- [l Connecticut at Morth Walpale - Linear
-l Connecticut at Montague - Linear
[l Maximum rate ofincrease
- [l Maximum rate of decrease
- [l Max Rate of Pool Drawdown
M [nactive
'y Tl | »

Operates Release From: Union Village-Slide Gates

Rule Mame: |3 Capacity below UV Dam | Description:

Function of: |pate

Limit Type: |paxi. | Interp: i -

72,4157

Date Release (cfs) i

01Jan 24000| - | %%

i m
RogeRcisialy
= 4

('

[] Period Average Limit
[] Hour of Day Multiplier
[7] Day of Week Multiplier
[7] Rising/Falling Condition

- Seasonal Variation

T T T T T
Jdan Mar May Jul Sep How

Edi
Edit...

Figure 8 Reservoir Editor: Operations Tab — Existing Ops OpSet — Channel Capacity below UV Dam

3. Minimum ABF

Figure 9 shows the content of “Minimum ABF” rule. This rule provides the minimum required
release from dam when pool is in flood control zone.

Operation Set | Existing Ops ~ | Description o
Zone-Rules | | |
#h Top of dam Operates Release From: Union Village
“-[@ Gate Ops to Save Dam A —— S —
& Flood Control ule Mame. Kinimum ABF escrpton: E]

--[@ Channel Capacity below UV Dam
=

-l Connecticut at Marth Walpole - Linear
--[l Connecticut at Montague - Linear
--[l Maximum rate of increase

[l Maximum rate of decrease

--[@ Max Rate of Pool Drawdown

- [l Max Outflow equals 21 day Max Inflow
o™ Conservation

--[l Channel Capacity below UV Dam
--[@ Min Flow Logic - Union Village

-l Connecticut at Morth Walpole - Linear
--[@ Connecticut at Montague - Linear
--[@ Maximum rate of increase

-l Maximum rate of decrease

--[l Max Rate of Pool Drawdown

o [nactive

4| T | »

Function of |pate

LimitType: |Wini. | Interp: st

140

Date Release (cfs) gua:

01Jan 1300] | &3

May 1300 2 %P1

01Jun 65.0 =
30Sep §5.0
010ct 130.0

m

Jan Mar May Jul

|| Period Average Limit
[] Hour of Day Multiplier
[7] Day of Week Multiplier

[7] Rising/Falling Condition

- Seasonal Variation Edit...

T T T T T
Sep Maow

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Minimum ABF
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4. Connecticut at North Walpole-Linear
Figure 10: shows the content of “Connecticut at North Walpole-Linear” rule. This rule represents
the maximum allowable release from the dam as a function of the previous day stage at North
Walpole. The previous day stage was used to account for the delay that occurs between the
stage exceeding the specified target and the change in operations at the flood control dams that
occurs in reality.

Operation Set jExisting Ops v: Description [:]
Zone-Rules | I I
wh Top of dam Operates Release From: Union Village
[l Gate Ops to Save Dam ) o
& Flood Control Rule Name:  at Morth Walpole - Linear| Description: =
----- [@ Channel Capacity below UV Dam )
..... B Minimum ABF Function of: | Connecticut at Morth Walpole Stage, Pravious Value
----- [ JConnecticut at North Walpole - Linear | [ r 1 r 1
Limit Type: i ~ | Interp. |Li. -
----- [B Connecticut at Montague - Linear - L ! P |Li... o
----- [E Maximum rate ofincrease + 2,000 7]
----- [B Maximum rate of decrease Slage () Release (cfs) # 1.000
----- M Max Rate of Pool Drawdown 0.0 24000/ f @ I T VA
----- (@ Max Outflow equals 21 day Max Inflow 24.0 24000 @ 0 & 10 15 20 25 30 35 40 45 50
¥ Conservation 25.0 1920.0 S
----- [B Channel Capacity below UV Dam 26.0 1440.0
----- @ Min Flow Logic - Union Village 27.0 960.0 : . :
----- [ Connecticut at North Walpole - Linear 280 480.0 [ Period Average Limit
----- B Connecticut at Montague - Linear gﬁg gg [] Hour of Day Multiplier
----- [E Maximum rate ofincrease : : . -
----- [E Maximum rate of decrease ["] Day of Week Multiplier
----- @ Max Rate of Pool Drawdown [7] Rising/Falling Condition
Inactive
T| = | » ~| [ Seasonal Variation

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at North Walpole-
Linear
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5. Connecticut at Montague-Linear
Figure 11 shows the content of “Connecticut at Montague-Linear” rule. This rule represents the
maximum allowable release from the dam as a function of the previous day stage at Montague.
The previous day stage was used to account for the delay that occurs between the stage
exceeding the specified target and the change in operations at the flood control dams that
occurs in reality.

Operation Set :Existing Ops v: Description l:]
Zone-Rules | I |
w& Top of dam Operates Release From: Union Village
“-[ll Gate Ops to Save Dam ) o
[ Flood Control Rule Mame: | cficut at Montague - Linear | Description: =
----- [E Channel Capacity below UV Dam )
..... W Minimum ABF Function of | Connecticut at Montague Stage, Previous Value
----- [E Connecticut at Morth Walpale - Linear|| , . F ! F 1
Limit Type: i - | Interp. Li. -
----- [ Connecticut at Montague - Linear L Maxi... : P | _
----- [E Maximum rate ofincrease ﬁz.nnn:
----- [E Maximum rate of decrease Stage (ft) Release (cfs) & 1.000
----- B Max Rate of Pool Drawdown 0.0 240000 ~1 = T I Y Y
25.0 2400.0 o
----- W Max Outflow equals 21 day Max Inflow 0 5 10 45 20 25 30 35 40 45 50
™ Conservation 26.0 1920.0 Stage it
----- [B Channel Capacity below UV Dam 27.0 1440-3
..... i i i i 28.0 a50.
@ Min Flow. Logic- Union Village . 550 500 ] Period Average Limit
----- [E Connecticut at Morth Walpole - Linear : -
----- [E Connecticut at Montague - Linear 30.0 U-g [T Hour of Day Multiplier
----- [E Maximum rate ofincrease 50.0 0. o -
----- B Maximum rate of decrease ] Day of Week hiultiplier
----- B Max Rate of Pool Drawdown [ Rising/Falling Condition
Inactive
T| = | » - | [[] Seasonal Variation

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Connecticut at Montague-Linear
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6. Maximum rate of increase
Figure 12 shows the content of “Maximum rate of increase” rule. This rule shows the maximum
allowable increasing release rate of change as a function of release from Union Village dam.

Operation Set :Existing Ops v: Description [:]
Zone-Rules | | |
wh Top of dam Operates Release From: Union Village-Slide Gates

[l Gate Ops to Save Dam
@A Flood Control
[l Channel Capacity below UV Dam
--[@ Minimum ABF
[l Connecticut at Morth Walpole - Linear
--[l Connecticut at Montague - Linear
=
- [l Maximum rate of decrease
--[l Max Rate of Pool Drawdown
-l Max Qutflow equals 21 day Max Inflow
@ Conservation
--[l Channel Capacity below UV Dam
--[l Min Flow Logic - Union Village
[l Connecticut at North Walpole - Linear
-l Connecticut at Montague - Linear
[l Maximum rate ofincrease
[l Maximum rate of decrease
- [l Max Rate of Pool Drawdown
M [nactive

Q| [l | ¥

Release Rate of Change Limit |\aximum rate of increase

Description:
Function Of |Release
Type Increasing

Interpolate 'Linear

Release (cfs) Rate Chanage (cfsihr)

0.0 300.0
1800.0 300.0
1801.0 100.0
2400.0 100.0

1

-

)
200
£ 250
i
& 200+
=
(143
]
S 1507
[
o
100 A
1t 1 1T 1
i 1,000 2,000

Release {cfs)

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — Maximum rate of increase

7. Maximum rate of decrease
Figure 13 shows the content of “Maximum rate of decrease” rule. This rule shows the maximum
allowable decreasing release rate of change.

Operation Set iExisting Ops vi Description [:]
Zone-Rules | | |
& Top of dam Operates Release From: Union Village-Slide Gates

[l Gate Ops to Save Dam
s Flood Control
--[l Channel Capacity below UV Dam
[l Minimum ABF
[l Connecticut at Morth Walpole - Linear
--[@ Connecticut at Montague - Linear
--[@ Maximum rate of increase
-
--[@ Max Rate of Pool Drawdown
[l Max Outflow equals 21 day Max Inflow
o Conservation
--[@ Channel Capacity below UV Dam
--[@ Min Flow Logic- Union Village
--[@ Connecticut at Morth Walpale - Linear
[l Connecticut at Montague - Linear
--[@ Maximum rate of increase
--[@ Maximum rate of decrease
--[@ Max Rate of Pool Drawdown
o, [nactive

4| e | *

Release Rate of Change Limit | \aximum rate of decrease

Description:
Function Of .Constant
Type jDecreasing

Max Rate of Change (cfsihr)

800.0

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — Maximum rate of decrease
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8. Max Rate of pool Drawdown
Figure 13 shows the content of “Max Rate of pool Drawdown” rule. This rule shows the
maximum allowable decreasing pool elevation rate of change.

Operation Set :Existing Ops v: Description [:]
Zone-Rules | | |
#& Top of dam Operates Release From: Union Village
[l Gate Ops to Save Dam ) -
A Flood Contral Elevation Rate of Change Limit | jjax Rate of Pool Drawdown

----- [E Channel Capacity below UV Dam
----- [E Minimum ABF
----- B Connecticut at North Walpole - Linear| | punction Of Constant

Description | Restrict pool drawdown to no more than 15 feetin 24 hours ol

----- [B Connecticut at Montague - Linear - v:
----- @ Maximum rate of increase Type Decreasing -
----- [B Maximum rate of decrease ' ’
----- @ © Instantaneous

----- [E Max Outflow equals 21 day Max Inflow
#m Conservation

""" [E Channel Capacity below UV Dam Max Change of (ft) 15.q/| over 24| hours
----- [E Min Flow Logic - Union Village

----- [B Connecticut at North Walpole - Linear
----- [E Connecticut at Montague - Linear

----- [E Maximum rate of increase

----- [E Maximum rate of decrease

----- [E Max Rate of Pool Drawdown

#m [nactive

4| m | »

Figure 13 Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Rate of pool Drawdown

@ Period Average

9. Max Outflow equals 21 day Max Inflow
Figure 14 shows the content of “Max Outflow equals 21 day Max Inflow” rule. This rule
represents the maximum release from dam as a function of the previous 3 weeks of inflow.

Operation Set | Existing Ops ~ | Description @]
Zone-Rules | I I
#h Top of dam Operates Release From: Union Village
[l Gate Ops to Save Dam ) o
& Flood Control Rule Name: |y equals 21 day Max Inflow | Description: =

----- [ Channel Capacity below UV Dam

..... B Minimum ABF Function of: |.Poal Inflow, Period Maximurn, 0.0 hrlag, 504.0 hr period

----- [ Connecticut at Morth Walpole - Linear| | . r . r 1
Limit Type: i.. - Interp: L. =
'''' B Connecticut at Montague - Linear ype- | Maxi... : Pl >

----- [E Maximum rate of increase @2.000:
'''' B Maximum rate of decrease ACIES] FECEEE 5] ﬁ 1,000
----- [B Max Rate of Pool Drawdown 0.0 00~ = 7
a T T T T T T
----- [ Jiax Outflow equals 21 day Max Inflow 2400.0 2400.0 3 0 40000 60,000 120,000
& Conservation 123456.0 24000 s
----- [ Channel Capacity below UV Dam
----- [E Min Flow Logic - Union Village ) - )
Period Average Limit E
----- [ Connecticut at Morth Walpole - Linear o 2
----- [E Connecticut at Montague - Linear ["] Hour of Day Multiplier E
----- B Maximum rate of increase o
----- [E Maximum rate of decrease [] Day of Week Multiplier E
----- [B Max Rate of Pool Drawdown ["] Rising/Falling Condition Ei
Inactive
f| = e -| [C] Seasonal Variation

Figure 14 Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Outflow equals 21 day Max
Inflow
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10. Min Flow Logic-Union Village
Figure 15 shows the content of “Min Flow Logic-Union Village” rule. This rule describes seasonal
minimum flows from dam as a function of inflow at Union Village.

Operation Set iExisting Ops

"i Description )

Zone-Rules | | |

™ Top of dam
[l Gate Ops to Save Dam

g Flood Control

----- @ Channel Capacity below UV Dam

----- @ Minimum ABF

----- [ Connecticut at Morth Walpole - Linear

----- @ Connecticut at Montague - Linear

----- B Maximum rate of increase

----- @ Maximum rate of decrease

----- @ Max Rate of Pool Drawdown

----- [l Max Outflow equals 21 day Max Inflow

o Conservation

----- [@ Channel Capacity below UY Dam

----- @

""" [@ Connecticut at North Walpale - Linear

----- [@ Connecticut at Montague - Linear

----- @ Maximum rate of increase

----- B Maximum rate of decrease

----- [@ Max Rate of Pool Drawdown

M [nactive
< | i | »

Operates Release From: Union Village

Rule Name: | Flow Logic - Union Village Description: &l

Function of: | Union Village-Poal Met Inflow, Current Value

LimitType: | Minimum » Interp: Linear

= 600
Flow Release (cfs) !
of i 200 7
©s) | o1Jan | 014pr |01Jun| 010ct 2 P
0.0 0.0 0.0 0.0 0.0l | ® o 40000 S0000 420,000
64.09) 45493 4549345493 45493 Flow (ets)
650 455 455 650 455
129.99| 90.992] 90.992] £5.0] 90.993 [7] Period Average Limit
1300 1300 910/ 650 130.0 o :
49999) 1300| 349993 B50] 1300 [ Hour of Day Multiplier
5000 1300/ 5000 650) 1300 [F] Day of Week Multiplier it
1234560/ 1300/ 5000 650/ 1300
[7] Rising/Falling Condition E
- Seasonal Variation

Figure 15 Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow Logic-Union Village
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Upper Naukeag

Upper Naukeag

l. Overview

Upper Naukeag dam is located by the towns of Winchendon and Ashburnham, MA and feeds into the
Millers River. The dam is owned and operated by the towns of Winchendon and Ashburnham and is
used for water supply for the two towns.

Figure 1 shows the location of Upper Naukeag Dam as it is represented in the HEC-ResSim model. Figure
2 shows a photo of Upper Naukeag Lake.
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Figure 1: HEC-ResSim Map Display Showing Location of Upper Naukeag Dam
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Upper Naukeag

Figure 2: Photo of Upper Naukeag Lake.

Il Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3'°. The dam consists of
an uncontrolled outlet as shown in Figure 4.

1% National Inventory of Dams database.
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Upper Naukeag

p
n Reservoir Editor

Reservoir Edit Pool

=)

Reservoir lUpper MNaukeag

-] Description |

Physical |Qperations Obsernved Data|

] [W][a] 82 0174 )]

Figure 3: Reservoir Editor: Physical Tab -- Pool

Reservoir Edit Dam

A Up;ﬂaukeag Upper Naukeag-Pool
Pool
= v Dam @ Linear Interpolation  (7) Conic Interpolation  Initial Conic Depth (ft)
€3 Uncontrolled Outlet B B I:I
Elevation Storage Area
(ft) {ac-ft) {acre) 1,136
1124.00 2798.82 1132:
1134.00 3100.00 & B
% 1,128
& i
1,124
T 1T T T 171
2,200 2,900 3,000 2,100
Stor (ac-ft)
1,136
1,132
g i
= 1,128
= i
1,124
T 11T TT
012345678
Areaacre)
[ Ok ] [ Cancel l | Apply |

rd ™
SR

Resenvoir ’Upper Naukeag

~ | Description
| |

& [W][«a] 63 o 74w ][m]

Physical | gperations | Opserved Datal

Figure 4: Reservoir Editor: Physical Tab -- Dam

£\ Upper Naukeag Upper Naukeag-Dam
‘ Pool
=07 BE Elevation at top of dam (ft) | 1134_0|
----- <> Uncontrolled Qutlet
Length at top of dam (ft) | 300_0|
Composite Release Capacity
Elevation | Controlled | Uncontro... Total

(ft) (cfs) (cfs) (cfs) 11441
1,134.0 0.0 0.0 0.0[«[ 5§ 4440
1,135.0 0.0 0.0 0.0 = g1'135:
1,136.0 0.0 0.0 0.0 2 o
1,137.0 0.0 0.0 0.0 132
1,138.0 0.0 0.0 T E 0 030608
1,139.0 0.0 0.0 0.0 Flow
1,140.0 0.0 0.0 0.0 {ofa)
1,141.0 0.0 0.0 o.0| |
1,142.0 0.0 0.0 0.0
1,143.0 0.0 0.0 0.0
1,144.0 0.0 0.0 0.0

ok || cancel || Appy
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Upper Naukeag

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Upper
Naukeag Dam’s “Guide Curve” operational zones, which consist of zones of Flood Control (1134 ft),

Conservation (1133 ft), and Inactive zone (1126 ft)'%%.

il - ™y
:I Reservoir Editor [ﬂ

Reservoir Edit Operations Zone Rule IF Block

Reservoir :UpperNaukeag v: Description o E@ 63 af 74 [E[E

Physical | Operations | Observed Data

Operation Set :Guide Curve v: Description ]
Zone-Rules | I |
# Flood Control - L
Conservation
‘. Storage Zone Description D
WA [nactive Function of | gate
||
Date Top Elevation (ft)
| 01Jan 11330] | 1@
: 1134
1133
1132
£ 1131
5 1,130
% 1,129
o 11284
1127
1126
1125 T T T T T
- Jan Mar May Jul Sep Moy
Zone Sort Elevation
[ DK ] [ Cancel Apply
e A

Figure 5 Reservoir Editor: Operations Tab — Guide Curve OpSet

B. Rule lllustrations

The operation set for Upper Naukeag Dam has no rules of operation making it a flow through reservoir.
The pool elevation will remain at the top of conservation unless the inflow exceeds the total release
capacit

192 water supply records
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Vernon

Vernon

l. Overview

Vernon is located on the Connecticut River in the towns of Vernon, VT and Hinsdale, NH. It is owned
and operated by TransCanada Hydro Northeast Inc. for hydropower generation on a run-of-river basis.

Figure 1 shows the location of Vernon dam as it is represented in the HEC-ResSim model. Figure 2 shows
a photo of Vernon dam.

|
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ormenticut-at-outh £
I

Figure 1: HEC-ResSim Map Display Showing Location of Vernon dam
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Vernon

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3'%. The dam consists of
nine types of outlets: (1) controlled Trash sluice gates, (2) controlled Tainter gates-10*50, (3) controlled
Tainter Gates-20*50, (4) controlled sluice flood gate, (5) controlled Fish ladder, (6) uncontrolled
stanchion 42.5 ft- W flashboards, (7) uncontrolled stanchion 50 ft-W flashboards, (8) controlled Fish
Pipe+Fish Tube , and (9) power plant as shown in Figure 4.

1% Data provided by TransCanada
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Vernon

i ™
ﬁ Reservoir Editor u
P —— .-_ a——

Reservoir Edit Pool

Resewoir’\;emon v] Description E]| (W][«] 88 0f74|@@
Physical |gperaﬂons Observed Datal
-Q\Vemﬂﬂ Vernon-Pool
-9
=57 Dam @ Linear Interpolation ) Conic Interpolation  Initial Conic Depth () I:l
- Tailwater
1D Trash sluice gate Elevation Storage Area
-4 Tainter Gates - 10x50
-4 Tainter Gates - 20x50 () (ach) il
49 Sluice flood gate 212.10 0.00 i
’ Fish Ladder 212.20 200.00
,‘ Power Plant 212.30 400.00
4> stanchion 42 5 fi-W flashboards 212.40 589.59
--<> Stanchion 50 -W flashboards 212.50 799.58 E 224
-4 Fish Pipe+Fish Tube 212.60 998.59 1
21270 1204.55 2704
212.80 1409 82 L4 = _
212.90 1614.88 % 2164 |
213.00 181983 E 4
213.10 202521 317 1
213.20 223471 0 10,000 20,000
213.30 2444 21
213.40 2654.13 Stor (ac-)
213.50 2863.64 224
213.60 3073.14 |
213.70 3286.78 g 0]
213.80 3500.00 5 216
213.90 371364 L 4
214.00 3926.03 o
21410 4140.50 0 §00 1200
214.20 4357.85 '
214.30 4574.79 72 (EIBTE)
214 40 478215
214.50 5009.09
214.60 h226.45
21470 5447 11
214 80 REET. 7T
21490 h888.84 -

0K l ’ Cancel Apply
L - = 4

Figure 3: Reservoir Editor: Physical Tab -- Pool
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Vernon

P
K Reservoir Editer

___.-__

Reservoir Edit Dam

=)

Physical |gperaﬂons Observed Datal

Resernvoir ’Vernon v] Description

) [u](a] 68 or74|m](n]

-Q\Vemﬂﬂ Vernon-Dam
&) Pool
EIUEM Elevation attop of dam (ﬂ}| 228.U|
- Tailwater
~4p Trash sluice gate Length attop of dam () | g5ﬁ_g|
-4 Tainter Gates - 10x50
Q Tainter Gates - 20x50 Composite Release Capacity
-4 Sluice flood gate
-4 Fish Ladder Elevation | Controlled | Uncontrol... Total
4 Power Plant (ft) (cfs) (cfs) (cfs) 3007
€ stanchion 42.5 ft-W flashboards 0.0 43,272.0 0.0 43,278.0|«| 5 2004
€% Stanchion 50 fi-W flashboards 209.1] 43,278.0 o.0| as, 2780 0| B & . nn ]
' ' = =100
-4 Fish Pipe+Fish Tube 209.6| 43,293.2 0.0 43,293.2 =z -
210.1| 43,321.1 0.0 43,321.1 o T T T
210.6| 43,357.2 0.0] 43,357.2 o 80,000 r
211.1| 43,400.0 0.0| 43,400.0|8 Flow
211.6| 43,385.0 0.0/ 43,385.0 {cfs)
212.0| 43,471.6 0.0 43,471.6
212.1| 43,495.0 0.0 43,495.0
212.1| 43,589.2 0.0/ 43,589.2( |
212.6| 45,101.2 0.0 45,101.2
213.1| 46,527.2 0.0/ 46,527.2
213.1| 46,660.0 0.0 46,660.0
213.6| 48,877.0 0.0/ 48,877.0
214.1| 50,963.8 0.0/ 50,963.8
214.1| 51,067.1 0.0/ 51,067.1
214.6| 52,793.1 0.0/ 52,793.1
215.1| 54,419.3 0.0 54,419.3
215.1| 54,537.1 0.0/ 54,537.1
215.6| 56,502.1 0.0/ 56,502.1
216.1| 58,353.0 0.0/ s8&,353.0
216.1| 58,484.0 0.0 S58,484.0
216.6| 60,672.0 0.0/ 60,672.0
217.1| &2,730.6 0.0/ 62,730.6
217.1| &2,875.7 0.0/ 62,875.7|~
! 0K l ’ Cancel Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Vernon

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Vernon’s
“ExistingOps” operational zones, which consist of zones of Flood Control (228 ft), Normal high pool (220
ft), Conservation (219.8 ft), Buffer (218.6 ft), and Inactive zone (212 ft)*.

- - ™
K1 Reservoir Editer ﬁ

Reservoir Edit Operations Zone Rule IF_Block

Reservoir i‘ufernon .i Description ) (][] 68 or74|m](m]

Physical | Operations | Observed Data

Operation Set :Existing Ops v: Description [:]

Zone-Rules | Rel_A]Ioc_l |

#™ Flood Control

""" @ Win Flow below Vernon

""" @ Fish Ladder Release -

""" [E Downstream Fish Passage Release T e

----- [E Drawdown Rate Limit .

#-{ } Max Elev given inflow Date Top Elevation (ft) -

| | ||m® Mormal high pool 01Jan 2198 - 228

""" @ Win Flow below Vernon o

----- [@ Fish Ladder Release 74
----- [ Downstream Fish Passage Release

' """ @ Drawdown Rate Limit 2241

=-f } Max Elev given inflow 220_

L_JConservation 218

----- @ Min Flow below Vernon 2187

----- [E Fish Ladder Release 2144

""" [B Downstream Fish Passage Release 22

----- [E Drawdown Rate Limit 210 — T T T 1

----- [@ Hydropower-Release 95% Inflow Jan dar May Jul Sep Mo

= } Max Elev given inflow

m Buffer

""" @ Min Flow below Vernon

""" @ Fish Ladder Release

""" [E Downstream Fish Passage Release

----- [E Drawdown Rate Limit

----- [ Hydropower-Release 95% Inflow i

=-f } Max Elev given inflow

o [nactive

Storage Zone |Conservation Description [

Elevation (ft

Zone Sort Elevation

[ OK ] l Cancel Apply

Figure 5: Reservoir Editor: Operations Tab —Existing Ops OpSet — Guide Curve
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Vernon

B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named

104

Existing Ops™.

Ei Reservoir Editor

|Reservoir| Edit Operations Zone Rule IF_Block

Resenvoir |vernon ~ Description

Physical | Operations | Observed Data

Operation Set :Existing Ops v: Des

Zone-Rules | ReI.NInc.l |
|.i_| Flood Contraol

[l Min Flow below Vernon

[l Fish Ladder Releaze

[l Downstream Fish Passage Release

[l Drawdown Rate Limit

=-{ } Max Elev given inflow
EF* IF (15000<inflow=17000 & max elev=220.13)
- [@ Elevrate of change

E}* ELSE IF (17000==<inflow=45000 & max elev=219.6)

- [@ Elevrate of change

= = ELSE IF (45000=<inflow & max elev=218.6)

[l Elevrate of change

|s® Mormal high pool

----- @ Min Flow below Vernon

----- @ Fizh Ladder Release

----- [@ Downstream Fish Passage Release

----- @ Drawdown Rate Limit

=-f ¥ Max Elev given inflow

L_JConservation|

----- @ Min Flow below Vernon

----- @ Fizh Ladder Release

----- [E Downstream Fish Passage Release

----- B Drawdown Rate Limit

----- [E Hydropower-Release 95% Inflow

H-f } Max Elev given inflow

|m™ Buffer

----- @ Min Flow below Vernon

----- @ Fizh Ladder Release

----- [E Downstream Fish Passage Release

----- B Drawdown Rate Limit

----- [ Hydropower-Release 95% Inflow

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

=-f ¥ Max Elev given inflow
o [nactive

104

TransCanada. Connecticut River Operational Constraints. 2012.
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Vernon

Figure 7 shows a sequential release allocation approach specified for available outlets along Bellows
Falls Dam. The available outlets are given an order of priority for release. The power plant gets the
release first until it reaches release capacity. The Trash sluice gate gets the remainder of the release
until it reaches capacity. The flow passes through Tainter Gates-10*50 and then Tainter Gates-20*50.
The next priority is assigned to sluice flood gate. After the capacity through the sluice flood gate is
reached, the remainder of the release goes through the Fish pipe+Fish Tube and Fish Ladder,
respectively.

:i Reservoir Editor

— S —_ — - i e e
Reservoir Edit Operations
Resenvoir | yernon ~ | Description ) (W[« &
Physical | Operations | Observed Data
Operation Set :Existing Ops v: Description

Zone-Rules | Rel. Alloc. | | I

Release Allocation Strateqgy

.!"_:\,Vernon-ElaIanced Release Location: Vernon-Dam
ERv4Varmon-Dam (1.0) - Sequential . :
<> Vemon-Power Plant Allocation Type: | Sequential
Q Wernon-Trash sluice gate
<» Vernon-Tainter Gates - 10x50 ‘ernon-Fower Plant
<> Vemon-Tainter Gates - 2050 Vernon-Trash sluice gate
<> Vemnon-Sluice flood gate Vernon-Tainter Gates - 10x50
<> vemon-Fish Pipe+Fish Tube Vernon-Tainter Gates - 20x50
<> Vernon-Fish Ladder Vemon-Sluice flood gate
Vernon-Fish Pipe+Fish Tube
Vernon-Fish Ladder

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation
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C. Rule Descriptions

1. Min Flow below Vernon
Figure 8 shows the content of “Min flow below Vernon” rule. This rule shows a minimum release
from dam as a function of Inflow.

COperation Set :Existing Ops v: Description [:]
Zone-Rules | Rel_A]lUc_I |
L E‘md Contral Operates Release From: Yernon
= Biin Flow below Vernon ) N
[l Fish Ladder Release Rule Name: Win Flow below Vernon | Description: L
[l Downstream Fish Passage Release ) :
[l Drawdown Rate Limit Function of | vernon-Pool Net Inflow, Current Value

- } Max Elev given inflow

Limit Type: |mi_. | Interp:| o
™ Mormal high pool YPE M. - P ||

T P Laddes mereone Flow(cts) | Release s) | | 5 1200
[l Downstream Fish Passage Release 0.0 0.0] - j:’ 500
- [l Drawdown Rate Limit 1250.0 1250.0 @ -
m-f ¥ Max Elev given inflow 500000.0 1250.0 & 4007
™ Conservation o 0+
[ Min Flow below Vernon 7 e
[l Fish Ladder Release : :
[l Downstream Fish Passage Release Flow (cfs)
[ Drawdown Rate Limit _ N :
[l Hydropower-Release 95% Inflow [”] Period Average Limit Edit...

@-{ } Max Elev given inflow ] Hour of Day Multiplier
g Buffer o

- [l Win Flow below Vernon [ Day of Week Multiplier
@ Fish Ladder Release [ Rising/Falling Condition

- [l Downstream Fish Passage Release
- [l Drawdown Rate Limit ? [] Seasonal Variation
- [l Hydropower-Release 95% Inflow
=-{ } Max Elev given inflow

o [nactive -

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow below Vernon
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2. Fish Ladder Release
Figure 9 shows the content of “Fish Ladder Release” rule. This rule shows the specified release
from Fish Ladder gate.

Operation Set :Existing Ops v: Description [:]

Zone-Rules | ReI.AJIGC.I |

Wl Flood Control Operates Release From: Vermnon-Fish Ladder
-/ Min Flow below Vernon _ .
W ~¥Fish L adder Release Rule Name: Fisn L adder Release Description: | Release 260 cfs from [

-l Downstream Fish Passage Release )
--[l Drawdown Rate Limit Function of. | Date
F-f } Max Elev given inflow - o 3 r ;

Limit Type: ~ | Interp. —
™ Mormal high pool Y& |Sp.. x| D |

) 300
-l Win Flow below Vernon
--[@ Fish Ladder Release Date Release (cfs) 250
[l Downstream Fish Passage Release || |01Jan 0.0/ | & 2007
-l Drawdown Rate Limit 154pr 260.0 @ 1507
- } Max Elev given inflow 16Jul 0.0 £ 1001
@™ Conservation 2 5o
-l Win Flow below Vernon ]
[l Fish Ladder Release I B B B
--[l Downstream Fish Passage Release Jan Mar May Jul Sep Mov
--[l Drawdown Rate Limit _ o _
[l Hydropower-Release 95% Inflow ["] Period Average Limit
-f } Max Elev given inflow I Hour of Day Multiplier
i Buffer o
-l Min Flow below Vernon [T Day of Week Multiplier
--[@ Fish Ladder Release [ Risin ) »
g/Falling Condition Edit...
--[l Downstream Fish Passage Release
-l Drawdown Rate Limit Seasonal Variation Edit...
-l Hydropower-Release 95% Inflow
=-f } Max Elev given inflow
M [nactive =

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Fish Ladder Release
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3. Downstream Fish Passage Release
Figure 10 shows the content of “Downstream Fish Passage Release” rule. This rule shows the
specified release from Fish pipe + Fish Tube gate.

Operation Set iExisting Ops

"i Description ]

Zone-Rules | Rel. Alloc. | |

s Flood Control
----- [E Min Flow below Vernon
----- @ Fish Ladder Release

----- B Drawdown Rate Limit
#-f ¥ Max Elev given inflow
s MNormal high pool

----- [E Min Flow below Vernon
----- [@ Fish Ladder Release

----- B Drawdown Rate Limit
#-f ¥ Max Elev given inflow
#n Conservation

----- [E Min Flow below Vernon
----- [@ Fish Ladder Release

----- B Drawdown Rate Limit

----- [ Hydropower-Release 95% Inflow
#-f ¥ Max Elev given inflow

m Buffer

----- [E Min Flow below Vernon

----- [@ Fish Ladder Release

----- B Drawdown Rate Limit

----- [ Hydropower-Release 95% Inflow
#-f ¥ Max Elev given inflow

o [nactive

----- —BDownstream Fish Passage Release

Operates Release From: Vernon-Fish Pipe+Fish Tube

Rule Name: im Fish Passage Release | Description: Release 350 cfs down[.):

Function of: | pate

LimitType: [sp. - | Interp:| o]

----- [@ Downstream Fish Passage Release

400
Date Release (cfs) T
01Jan 00|~ @]
014pr 380.0 = 200
§ i
T 10049
o -

0 I T T T

----- [@ Downstream Fish Passage Release

T
Jan dar May Jul Sep Moy

[T Period Average Limit

[ Hour of Day Multiplier

[7] Day of Week Multiplier

----- [@ Downstream Fish Passage Release

[7] Rising/Falling Condition

Seasonal Variation Edit...

-

Figure 10 Reservoir Editor: Operations Tab — Existing Ops OpSet — Downstream Fish Passage Release
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4. Drawdown Rate Limit
Figure 11 shows the content of “Drawdown Rate Limit” rule. This rule shows the decreasing
elevation rate of change rule.

Operation Set | Existing Ops ~  Description =

Zone-Rules | Rel. Alloc. | |

™ Flood Control

COperates Release From: Yernon
----- [ Min Flow below Vernon

..... [l Fish Ladder Release Elevation Rate of Change Limit Qrawdown Rate Limit
----- [@ Downstream Fish Passage Release Descripti
ption | Drawd tt d 0.3 firhr.

----- [~ MDrawdown Rate Limit rawdown not lo excee r L
E-f } Max E!ev given inflow Function OF | constant -
#® Mormal high pool : :

----- @ Min Flow below Vernon Type Decreasing -

""" @ Fish Ladder Release _ : .

----- [@ Downstream Fish Passage Release @ Instantaneous

""" @ Drawdown Rate Limit
-{ } Max Elev given inflow
wA Conservation Max Rate of Change (ftthr) 0.3
""" @ Min Flow below Vernan

----- [@ Fish Ladder Release

----- [@ Downstream Fish Passage Release
""" @ Drawdown Rate Limit

----- [@ Hydropower-Release 95% Inflow
-{ } Max Elev given inflow

# Buffer

----- [ Min Flow below Vernon

""" @ Fish Ladder Release

----- [@ Downstream Fish Passage Release
----- @ Drawdown Rate Limit

""" [l Hydropower-Release 95% Inflow
F-{ } Max Elev given inflow

o nactive

(") Period Average

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Drawdown Rate Limit
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5. Max Elev given inflow

Figure 12 shows the content of “Max Elev given inflow” rule. For each combination of Inflow and
maximum pool elevation shown in the below picture the maximum elevation rate of change

equals zero.

Operation Set :Existing Ops -:

Description

Zone-Rules | Rel. Alloc. | |

A Flood Control
B Min Flow below Vernon
-[@ Fish Ladder Release
[l Downstream Fish Passage Release
B Drawdown Rate Limit
=8 §H]112¢ Elev given inflow |
= IF (15000<inflow=17000 & max elev=220.13)
. ~[W Elevrate of change
EI* ELSE IF (17000==<inflow=45000 & max elev=219.6)
. *~[H Elevrate of change
El* ELSE IF (45000=<inflow & max elev=218.6)
‘[l Elevrate of change

»

Operates Release From: Yernon-Power Plant

Name: | iax Elev given inflow Description:

Mame
IF 15000=inflow=17000 & max elev...

Type Description

ELSEIF |17000==inflow=45000 & max ele...

ELSEIF  |45000=<inflow & max elev=218.6

Operation Set :Existing Ops v:

Description

Zone-Rules | ReI.Alloc.l |

™ Flood Control
@ Min Flow below Vernon
[ Fish Ladder Release
@ Downstream Fish Passage Release
[l Drawdown Rate Limit
=-{ } Max Elev given inflow
=R 41F (15000<inflow=17000 & max elev=220.13)

[ Elevrate of change
E}* ELSE IF (17000==<inflow=45000 & max elev=219.6)
[ Elevrate of change

E}# ELSE IF (45000==<inflow & max elev=218.6)

------ [@ Elev rate of change

Operates Release From: Vernon-Power Plant

IF Conditional | 17000 & max elev=220.13  Description:

Value2
15000

Value1
Vernon-Pool:Net Inflow l

)

AND Vernon-Pool:Net Inflow < 17000

AND Vernon-Pool:Elevation >= 22013

Add Cond.
Del. Cond.

Operation Set :Existing Ops v:

Description

Zone-Rules | Rel. Alloc. | |

=]

J# Flood Contral
-[@ Min Flow below Vernon
-[@ Fish Ladder Relgase
-[@ Downstream Fish Passage Release
-l Drawdown Rate Limit
=-{ } Max Elev given inflow
= = |F (15000<inflow=17000 & max elev=220.13)
-
* ELSE IF (17000=<inflow=45000 & max elev=219.6)
~[@ Elev rate of change
E}-D ELSE IF (45000==inflow & max elev=218.6)
[l Elevrate of change
@ Normal high pool

~~[@ Win Flow below Vernan

»

m

Operates Release From: Vernon
Elevation Rate of Change Limit | Ejey rate of change

Description

Function OF | cgnstant 2]
Type Increasing -
@ Instantaneous
() Period Average

Max Rate of Change (ft'hr) 0.0
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Operation Set :Existing Ops v:

Description

Zone-Rules | Rel. Alloc. | |

# Flood Control

[l Min Flow below Vernon
[ Fish Ladder Release
[E Downstream Fish Paszage Release
B Drawdown Rate Limit
=-{ } Max Elev given inflow
EF* IF (15000<inflow=17000 & max elev=220.13)
. -8 Elevrate of change
B * ELSE IF (17000==inflow=45000 & max elev=219.6)
- ~[H Elevrate of change
== ELSE IF (45000=<inflow & max elev=218.6)

------ [E Elevrate of change

»

Operates Release From: Vernon

ELSE IF Conditional |.=45000 & max elev=219.6 | Description:

Value2
17000

Walue1
Vernon-Pool:Met Inflow ==

L

AND Vernon-Pool:Met Inflow = 45000

AND Vernon-Pool:Elevation 219.6

Add Cond.
Del. Cond.

Operation Set :Existing Ops v:

Description

Zone-Rules | Re|_A||oc_| |

)

™ Flood Contral
[l Min Flow below Vernon
[B Fish Ladder Release
[E Downstream Fish Passage Release
[E Drawdown Rate Limit
=-{ ¥ Max Elev given inflow
== |F (15000<inflow=17000 & max elev=220.13}
. -[W Elevrate of change
= * ELSE IF (17000==<inflow=45000 & max elev=219.6)
- -m
== ELSE IF (45000=<inflow & max elev=218.6)
[l Elevrate of change

# Normal high pool

[l Min Flow below Vernon

»

m

Operates Release From: Vernon
Elevation Rate of Change Limit | Eley rate of change

Description

Function Of | canstant 2
Type :Increasing v:
@ Instantaneous
) Period Average

Max Rate of Change (ft'hr) 0.0

Operation Set :Existing Ops v:

Description

Zone-Rules | Re|,A1|oc_| |

# Flood Control
[@ Min Flow below Vernon
[@ Fish Ladder Release
[@ Downstream Fish Passage Release
[ Drawdown Rate Limit
=-{ } Max Elev given inflow
= = IF (15000<inflow=17000 & max elev=220.13)
- [H Elevrate of change
E}* ELSE IF (17000=<inflow=45000 & max elev=219.6)
[l Elevrate ofchange
MELSE IF (45000=<inflow & max elev=218.6)
[l Elevrate of change

Operates Release From: Vernon

ELSE IF Conditional |-<inflow & max eley=218.6 | Description:

Value2
| 45000

Value1

| ernon-Pool:Net Inflow | ==

)

AND | Vernon-Pool:Elevation [ == ] 2186

Add Cond.
Del. Cond.

Operation Set :Existing Ops v:

Description

Zone-Rules | ReI.Alloc.l |

)

@ Flood Control

B Min Flow below Vernon
[ Fish Ladder Release
[E Downstream Fish Passage Release
[B Drawdown Rate Limit
=-{ } Max Elev given inflow

- = |F (15000<inflow=17000 & max elev=220.13)
- “~[H Elevrate of change
EI* ELSE IF (17000=<inflow=45000 & max elev=219.6)
. [ Elevrate of change
== ELSE IF (45000==inflow & max elev=218.6)

& Jeiev rate of change|

#® Iormal high pool
[@ Min Flow below Vernon

»

m

Operates Release From: Vernon
Elevation Rate of Change Limit Elev rate of change

Description

Function Of | constant ]
Type :Increasing v:
@ Instantaneous
() Period Average

Max Rate of Change (ft'hr) 0.0

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Elev given inflow
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6. Hydropower-Release 95% Inflow
Figure 13 shows the content of “Hydropower-Release 95% Inflow” rule. This rule passes 95% of
Inflow through power plant as per the run-of-river modeling strategy.

Cperation Set :Existing Ops v: Description )
Zone-Rules | Rel. A”g.;;,l |
w& Flood Control Operates Release From: Vernon-Power Plant

----- [ Min Flow below Vernon ) o

..... B Fish Ladder Release Rule Name: ,gwer-Release 95% Inflow | Description: )

""" [B Downstream Fish Passage Release
""" @ Drawdown Rate Limit

#-f } Max Elev given inflow

# Mormal high pool

""" @ Min Flow below Vernon

----- @ Fish Ladder Release

----- [E Downstream Fish Passage Release
----- [@ Drawdown Rate Limit

=-f } Max Elev given inflow

@ Conservation

""" @ Min Flow below Vernon

""" @ Fish Ladder Release

""" [l Downstream Fish Passage Release
----- [E Drawdown Rate Limit

----- w
=-f } Max Elev given inflow

o Buffer

""" @ Min Flow below Vernon

""" [@ Fish Ladder Release

""" [B Downstream Fish Passage Release
""" @ Drawdown Rate Limit

----- [ Hydropower-Release 95% Inflow
=-f } Max Elev given inflow

o [nactive

Function of: |yernon-Pool Met Inflow, Current Value

Limit Type: | Minim... | Interp: (L. |

Flow (cfs) Release (cfs)

0.0 00 «

100000.0 95000.0

-

100,000
50,000
50,000
40,000
20,000

(1 s s I I
0 a0,000 100,000

Flow {cfs)

Release {cfs)

[7] Period Average Limit Edi
[~ Hour of Day Multiplier
[7] Day of Week Multiplier
[7] Rising/Falling Condition

Edit...
Edit...

[7] Seasonal Variation Edit...

=3

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — Hydropower-Release 95% Inflow
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Ware Upper and Lower

Ware Upper and Lower

l. Overview

Ware Upper and Lower are two dams located in Ware, MA on the Ware River. It is owned and operated
by Ware River Hydroelectric Company and is used to generate hydropower.

Figure 1 shows the location of Ware upper and lower dam as it is represented in the HEC-ResSim model.
Figure 2 shows a photo of Ware upper dam.

Ware Upper and Lower

are Upper and Lower_In

erand Lower_Out

4

CHP_Mussels
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Ware Upper and Lower

: =
T i =

Figure 2: Photo of Ware upper dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3'®. The dam consists of
two types of outlets: (1) uncontrolled outlet and (3) power plant as shown in Figure 4 ', The capacity
of the power plant was made to be the maximum release specified in the NID database so that the dam
would modeled completely as run-of-river with some actual physical information.

1% National Inventory of Dams database (NID)

http://www.lowimpacthydro.org.php5-11.dfw1-2.websitetestlink.com/lihi-certificate-47-ware-river-
hydroelectric-company-project-ferc-no.-3127-ware-river-massachusetts.html
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Ware Upper and Lower

] Reservoir Editor

Reservoir Edit Pool

Resenvoir | yyare Upper and Low... | Description

0] ) storre )00

Bhysical | Operations | Observed Data|

A Ware Upper and Lower

Ware Upper and Lower-Pool

-U:%lm @ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (f) l:l
=4 Power Plant
! o Tailwater -
Q Uncontrolled Outlet SEEDT SLEGE —
(ft) (ac-t) (acre)
0.00 100000.00 0.00
34.00 100210.00 G5.00

T T 1
,aoo 100,2

Stor {ac-f)

30+

204

104

il
0 20 40 &0

Area (acre)

OK

H Cancel ]| Apply

Figure 3: Reservoir Editor: Physical Tab — Pool

Reservoir Editor

Reservoir Edit Dam

Resenvoir | ware Upper and Low... | Description

0] W) st orre[BI)

Physical | Operations | Obsemved Data|

A\ Ware Upper and Lower Ware Upper and Lower-Dam

Elevation at top of dam () |
Fower Plant

34.0|

Length at top of dam (ft) |

250.0|

€% Uncontrolled Outlet
Composite Release Capacity

Total
(cfs)

Uncontrolled
(cfs)

Elevation Controlled
(t) (cfs)

0.0 5,900.0 5,900.0

5,900.0

0.
34.0 5,500.0 0.
1l

35.0 5,500.0 55 6,451.1

36.0 5,900.0 1,558.7 7,458.7

37.0 5,900.0 2,863.6 8,763.6

38.0 5,500.0 4,408.8 10,308.8

39.0 5,900.0 6,161.5 12,061.5

40.0 5,500.0 &,0989.5 13,995.5

41.0 5,500.0 10,206.5 16,106.5

42.0 5,900.0 12,470.0 18,370.0

43.0 5,500.0 14,879.7 20,7758.7

44.0 5,500.0 17,427.3 23,327.3

Elevation

OK

H Cancel ]|

Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam
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Ware Upper and Lower

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Ware upper
and lower’s “Guide Curve” operational zones, which consist of Flood Control (34 ft), Conservation (33.9
ft), and Inactive zone (24 ft)'. There was no specified inactive zone so 10 feet below top of dam was
arbitrarily chosen.

ra - ™
K1 Reservoir Editor , I U ﬂ
Reservoir Edit Operations Zone Rule IF Block
Resenvoir :Ware Upper and Low.... v: Description =) E@ 51 of 74 @[E
-Eh],fsical Operations | Opserved Data
Operation Set | Guide Curve ~ | Description @]
Zone-Rules | | |
#m Flood Control - .
Conservation
-~ Storage Zone Description [:]
A [nactive Function of | pate
Date Top Elevation (ft)
01Jan 330 - 38
34
324
£
= 307
=]
™ 28+
&
w 26+
24
22 T T T T T
Jan Mar May Jul Sep Moy
I Zone Sort Elevation
[ OK ] [ Cancel Apply T

L

Figure 5: Reservoir Editor: Operations Tab —Guide Curve OpSet — Guide Curve

B. Rule lllustrations

The operation set for Ware upper and lower has no rules of operation making it a flow through
reservoir. The pool elevation will remain at the top of conservation unless the inflow exceeds

the total release capacity. This was modeled this way because no real operation information
was found.
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West Branch

West Branch

l. Overview

West Branch dam (known as Goodwin Dam) is located directly downstream of Colebrook dam on the
Farmington River in Hartland, CT. It is owned and operated by The Metropolitan Water District of
Hartford, CT (MDC) and is used for drinking water supply and some recreation.

Figure 1 shows the location of West Branch as it is represented in the HEC-ResSim model, and Figure 2

shows a photo for West Branch.

(]
—~
- Wecond Connecticut Lake_Infl

........

.......

onmecticut at Wouth i L

West Branch_In

Figure 1: HEC-ResSim Map Display Showing Location of West Branch
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West Branch

Figure 2: Photo of West Branch dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-

ResSim model. The elevation-storage-area defines the pool as shown in Figure 3'”’. The dam consists of

a controlled outlet as shown in Figure 4'%.

197 MDC 1999

1% pata from UMASS
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West Branch

Reservoir Editor

Reservoir Edit Pool

Resenvoir Description [;]| (W][«] 20f74|m@

Physical | Operations | Observed Data|
fa We Elanch West Branch-Pool
2]1]
57 Dam ; - A . . - )
& Controlled Outiet Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft) l:l
% Spilway Elevation Storage Area
(ft) (ac-ft) {acre)
540.00 0.00 -
541.00 246 M
542.00 4.91 L 540
54300 737 i 7
544.00 1013 gen]
545.00 1258 B d
546.00 15.04] B
547.00 17.49 20T T T T T TTTT
548.00 19.95] o 4,000 8,000
549.00 2240 Stor fae-ff)
550.00 24.86
551.00 37.75] 640
552.00 50.33] —
553.00 65230 geon]
554.00 75.49 B e
555.00 88.08 -
556.00 100.66 20T T T T T T 1T
557.00 113.55] 320 380 400 440
558.00 126.13] Area (acre)
559.00 138.10
560.00 150.38
561.00 187.20 i
[ OK ] [ Cancel ] | Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

Reservoir Editer

Reservoir Edit Dam

Resernvoir Description [;]| Em 20f74|m@

Bhysical | Operations | Observed Data|
/A West Branch West Branch-Dam
'F’UUI
=P Elevation attop of dam (1)
----- 4 Controlled Outlet
----- @ spillway Length attop of dam (ft)
Composite Release Capacity
Elevation | Controlled| Uncontro... Total
(ft) (cfs) (cfs) (cfs) 540
540.0 0.0 0.0 0.0/« 5 gooA
641.0] 1,680.0 0.0] 1,680.0[ || B £ __ 7
642.0] 4,180.0 0.0[ 4,180.0 & 5607
643.0| 9,180.0 0.0| 9,180.0 S0TTTITITTT
644.0| 16, 680.0 0.0] 16, 620.0 0 100,000
645.0] 25,430.0 0.0 25,430.0]_ Flow
646.0] 36,580.0 0.0[ 36,580.0(" (efs)
647.0] 47,930.0 0.0[ 47,930.0
648.0] 60,430.0 0.0[ 60,430.0
649.0] 74,180.0 0.0[ 74,180.0
650.2| 93,680.0 0.0[ 93, 620.0| |
651.0] 105,4... 0.0[ 105,4...
652.0] 120,4... 0.0[ 120,4...
653.0] 134,1... 0.0[ 134,1...
654.0] 146,6... 0.0[ 146,6...
655.0] 156,6... 0.0[ 156,6...
656.0] 164,1... 0.0[ 164,1...
657.0] 171,6... 0.0[ 171,6...] _
[ OK H Cancel ]| Apply

Figure 4: Reservoir Editor: Physical Tab -- Dam

597
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lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of West Branch’s
“Existing Ops” operational zones, which consist of zones of Top of Dam (656 ft), Conservation (641 ft),

and Inactive zone (540 ft)°.

- _ —
=TT

===

Reservoir Edit Operations Zone Rule IF_Block

Resenoir | west Branch ~ | Description

Physical | Qperations | Observed Data

0| [W][a] 2074 [»](m]

Elervation (ft)

Zone Sort Elevation

Operation Set :Existing Ops v: Description From UMass Farmington notes: modeled as run of the river, has same ﬂlC]

Zone-Rules | | | |

s Top of Dam . . . .

Conservation From UMass Farmington notes: n
| -~ Storage Zone Description IV a D
I i [nactive Function of | pate
Date Top Elevation (ft)
01Jan 5410 .| o0

540

520
500
560

h

(=21

=
1

h
=
=

520

Jan Mar May Jul Sep Mov

OK

|

Cancel Apply

Figure 5: Reservoir Editor: Operations Tab — Existing Ops OpSet

B. Rule lllustrations

The operation set for West Branch has no rules of operation making it a flow through reservoir. The pool

elevation will remain at the top of conservation unless the inflow exceeds the total release capacity.
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West Springfield Hydro Project

West Springfield Hydro Project

l. Overview

West Springfield is dam located in West Springfield, MA on the Westfield River. It is owned and
operated by A&D Hydro, Inc and is used for hydropower generation.

Figure 1 shows the location of West Springfield dam as it is represented in the HEC-ResSim model.
Figure 2 shows a photo of West Springfield dam.

West Springfield Hydro Project

st Springfield Hylllro

ofhok Divarsion g

<
(@) Conmecticut at outh
h

Figurehl: HEC-ResSim Map Display Showing Location of West Springfield Dam
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West Springfield Hydro Project

Figure 2: Photo of West Springfield dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3'®. The dam consists of
two types of outlets: (1) uncontrolled outlet and (3) power plant as shown in Figure 4"°. The capacity of
the power plant was made to be the maximum release specified in the NID database so that the dam
would modeled completely as run-of-river with some actual physical information.

199 National Inventory of Dams database (NID)

110 http://www.lowimpacthydro.org/lihi-certificate-19-west-springfield-project-westfield-river-west-springfield-agawam-ma.-
ferc-2608.html
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West Springfield Hydro Project

' ™
ﬂ Reservoir Editor g
Reservoir Edit Pool
Resenoir west Springfield Hyd.. +| Description L] [ 710174 )] (M)
Ehysical |Qperaﬁons Observed Data
A ‘5931 Springfield Hydro Project || west Springfield Hydro Project-Pool
..... pc,c,|
e Dam @ Linear Interpolation (7 Conic Interpolation  Initial Conic Depth (ft)
& Power Plant
S &;ﬂ:ﬁt:; Outlst Elevation Storage Area
(ft) (ac-ft) (acre)
0.00 100000.00
18.00 100200.00 207
167
127
& 8]
[T
[
100,000 100,100 100,200
Stor (ac-f)
207
167
& 127
& 87
T 4]
1] | I T
0 20 40 &0
Area (acre)
I
’ OK ” Cancel Apply

Figure 3: Reservoir Editor: Physical Tab — Pool

' ™
n Reservoir Editor u
Reservoir Edit Dam
Resenoir west Springfield Hyd.. ~| Description ] [](a] 710174 )] (M)
Ehysical | Operations | Observed Data
/A West Springfield Hydro Project] | yest Springfield Hydro Project-Dam
Pool
: Elevation attop of dam (ft) .
& Power Plant 18.0
- Tailwater Length at top of dam (ft) 147.5
----- <> Uncontrolled Outlet
Composite Release Capacity
Elevation Controlled | Uncontrolled Total
(ft) (cfs) (cfs) (cfs) B0 g
0.0]  4g8,000.0 0.0 48,000.00+| 5 207
18.0 48,000.0 0.0 48,000.0/ | & @10:
19.0[  48,000.0 1,485.0(  49,485.0 z 1
20.0{ 48,000.0 4,200.2| 52,200.2 TTTTITTTT
21.0] 48,000.0 7,716.3| 55,716.3 o 70,000
22.0| 4g,000.0) 11,880.0/ 59,880.0 Flioe
23.0] 48,000.0[ 16,602.8) 64,602.8)= (&fs)
24.0| 4g,000.0) 21,835.0) 69,825.0
25.0] 4g,000.0] 27,502.6] 75,502.6
26.0( 4g,000.0) 33,601.7| 81,601.7
27.0] 4g,000.0] 40,085.0] 88,095.0
28.0| 48,000.0) 46,959.8| 94,959.8
[ OK J [ Cancel Apply
L . TN

Figure 4: Reservoir Editor: Physical Tab -- Dam
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West Springfield Hydro Project

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of West
Springfield’s “Guide Curve” operational zones, which consist of Flood Control (18 ft), Conservation (17.9
ft), and Inactive zone (8 ft)'. There was no specified inactive zone so 10 feet below top of dam was

arbitrarily chosen.

- 1
K71 Reservoir Editor

===

Reservoir Edit Operations Zone Rule IF Block

Resenoir |west Springfield Hyd. .~ | Description

-Eh],rsical Operations | Opserved Data

O [W](a] 71 0t 74 [ ][m]

Operation Set :Guide Curve Only v: Description E]
Zone-Rules | | |
s Flood Control - _
' Storage Zone Conservation Description [
i [nactive Function of |pate
Date Top Elevation (ft)
01Jan 17.9 A
18
164
g
= 147
=
T 129
T
w104
8
53 T T T T T
Jan Mar May Jul Sep Moy
|
Zone Sort Elevation I
Q0K l l Cancel Apply

L

Figure 5: Reservoir Editor: Operations Tab —Guide Curve OpSet — Guide Curve

B. Rule lllustrations

The operation set for West Springfield has no rules of operation making it a flow through reservoir. The
pool elevation will remain at the top of conservation unless the inflow exceeds the total release
capacity. This was modeled this way because no
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Whitney Pond

Whitney Pond

l. Overview

Whitney Pond dam is located in the Town of Winchendon, MA at the confluence of the North Branch

and Millers River. It is owned and operated by the Town of Winchendon and is used for water supply for
the town.

Figure 1 shows the location of Whitney Pond dam as it is represented in the HEC-ResSim model. Figure
2 shows a photo of Whitney Pond.

Ll
|
@J Second Connecticut Lake_Infl

Whitney Pond

| Whitney Pand_In1

q
(@ Eonnecticut at Mouth £ L

Figure 1: HEC-ResSim Map Display Showing Location of Whitney Pond Dam
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Whitney Pond

|

Figure 2: Photo of Whitney Pond

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3'*!. The dam consists of
two types of outlets: (1) an uncontrolled Outlet and an uncontrolled flow over embankment as shown in
Figure 4.

! phase | National Dam Inspection Program. 1979.
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Whitney Pond

p
n Reservoir Editor

Reservoir Edit Pool

Resenvoir [WhjmeyPond vl Description | E]l [W][«] 58 of74|@@ i
Physical | Operations | Observed Da.ta|
fay ‘-;“”"ﬂpmd Whitney Pond-Pool
Pool
= v Dam @ Linear Interpolation ) Conic Interpolation  Initial Conic Depth (ft) I:I
~-<» Uncontrolled Outiet
> flow over embarkment Elevation Storage e
(ft) {ac-t) (acre) feleli]
954.00 0.00 0.00] « -~
950.00 T2.00 2000 || = T
£ i
966.00 264.00 44.00 7]
959.00 414.00 56.00 U oR0
970.00 472.00 60.00 7
972.00 £40.00 108.00 =80 T T
930.00 2192.00 280.00 ! ' !
986.00 4052.00 340.00 SEr(Ee i

100 200 300

Areafacre)

OK ” Cancel ]| Apply

Figure 3: Reservoir Editor: Physical Tab -- Pool

-
n Reservoir Editor

Reserveir Edit Dam

Resenvoir whitney Pond ~ | Description | | (W[« 58 or74 (] (m] |

Physical | Operations | Observed Data|

2 Whitney Pond Whitney Pond-Dam

&) poal
- BE Elevation at top ofdam(ﬂ]l g?g_5|
> Uncontrolled Qutlet
=&y flow over embarkment Length at top of dam () | gg'}_g|
Composite Release Capacity
Elevation | Controlled| Uncontro... Total

(ft) (cfs) (cfs) (cfs) 954
968.8 0.0 0.0 0.0/ ~| g 9807
969.3 0.0 68.0 68.0( || € £976]
969.8 0.0 187.0 187.0 L
970.8 0.0 551.0 551.0(% L= e e
971.8 0.0/ 1,015.9] 1,015.9 D 3
972.8 n.o] 1,587.0] 1,587.0/— Flow
973.8 0.0/ 2,293.0| 2,293.0 (cfs)
974.8 n.0] 3,133.0] 3,133.0
975.8 n.0| 3,048.0] 3,948.0
976.8 n.0] 4,815.0] 4,815.0
977.8 n.0] s,755.0] 5,755.0
978.5 0.0] &,410.0] &,410.0
978.8 n.0] &,740.0] &,740.0
n7on o n_n £ nAL £ nAL i

ok ][ caneel || aopy

Figure 4: Reservoir Editor: Physical Tab -- Dam

605



Whitney Pond

lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Whitney Pond
Dam’s “Guide Curve” operational zones, which consist of zones of Top of Dam (978.5 ft), Flood Control
(970 ft), Conservation (968.8 ft), and Inactive zone (955 ft)".

i . ™
EI Reservoir Editor ﬁ

Reservoir Edit Operations Zone Rule IF Block

Resernvoir iWhitney Pond v: Description o E@ 58 of 74 @E]
-Ehysical Operations | Observed Data

Operation Set :Guide Curve v: Description [:]
|
Zone-Rules | | | |
g Top of dam : -
Conservation
#A Flood Control Storage Zone Description [:]
- Function of | pate
o [nactive
Date Top Elevation (ft)
9580
01Jan 968.8| ~
975
|
¥ 970
5
T 965
@
™ ga0+
955
T T T T T
- Jan Mar May  Jul Sep Mow
Zone Sort Elevation
QK ] [ Cancel Apply

Figure 5: Reservoir Editor: Operations Tab — Guide Curve OpSet

B. Rule lllustrations

The operation set for Whitney Pond Dam has no rules of operation making it a flow through reservoir.
The pool elevation will remain at the top of conservation unless the inflow exceeds the total release
capacity.
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Wilder

l. Overview

Wilder dam is located in the town of Wilder, VT on the mainstem Connecticut River. It is owned and
operated by TransCanada Hydro Northeast Inc. for hydropower generation.

Figure 1 shows the location of Wilder Dam as it is represented in the HEC-ResSim model, and Figure 2
shows a photo from Wilder dam.

O Wilder_In

O WHT_Diadromous Fish2-Tiger Bee

@ '

- T ;Q_)) _F‘_.)OD") flow Cabot O‘
k E = k\\{ go, ro . GonnecticuHWhite
,-_,| : ,-I('C()-))}';' = .‘_C: ﬁ P_Coldbrook Divetsian O Connecticut at West Lebanon
RO Y] SLETR =S i
O 0 (g
‘-\"'-". " P@?OO Conant Brook_In @
\, ‘__..:t’:‘\"- ~ 4

pﬂ‘a&:
> b(._) onmecticutat Mmlt_;': - A“Q
Figure 1: HEC-ResSim Map Display Showing Location of Wilder dam
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Figure 2: Photo of Wilder dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3'*?. The dam consists of
six types of outlets: (1) controlled Tainter gates, (2) controlled skimmer gate 10*10 ft, (3) controlled
skimmer gate 15*20 ft, (4) controlled Fish Ladder, (5) uncontrolled stanchion-stoplogs in, and (6) power
plant as shown in Figure 4.

"2 pata provided by TransCanada
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i ‘
K71 Reservoir Editor

==

Figure 3: Reservoir Editor: Physical Tab --

Reservoir Edit Pool
Resenvoir | wilder ~ | Description = E@ 570{;!4'@@
Physical | pperations | Observed Data
A wilder Wilder-Pool
fJE ool
=57 Dam inear Interpolation () Conic Interpolation  Initial Conic Depth ()
: Tailwater
@ Tainter gates "
& Skimmer gate 104101 Elevation Storage Area
-4 Skimmer gate 15*20 t (@ (ac-ft) (acre)
@ Fish ladder 355.00 0.00 100.00]
@ Power Plant 356.00 106.00 112.00
& stanchion-stoplags in 357.00 224.00 124.00 2o
358.00 354.00 136.00 4
359.00 496.00 148.00 380
360.00 650.00 160.00 =) 370:
361.00 822.00 183.00 & -
362.00 1015.00 206.00) | D 360
363.00 1235.00 229.00( = 350t
| 364.00 1475.00 252.00 0 15000 30000
365.00 1740.00 276.00 ' '
366.00 2025.00 300.00 Sy ()
367.00 2505.00 600.00 3807
368.00 3255.00 835.00 3a04
369.00 4175.00 1010.00 = 7
! 370.00 5225.00 1000.00) | % 77
371.00 6360.00 1180.00 m 360
372.00 7585.00 1270.00 350_ 1
3a73.00 8900.00 1360.00 1 1,500 3,000
374.00 10305.00 1450.00
375.00 1130000 154000 B8 (EIEE)
a76.00 13410.00 1680.00
377.00 15160.00 1820.00
378.00 17050.00 1960.00
379.00 19080.00 2100.00f -
OK ] [ Cancel Apply
— = —— )

Pool

i .
n Reservoir Editor

B =)

Figure 4: Reservoir Editor: Physical Tab --

Reservoir Edit Dam
Resenoir Wilder + Description =] @@M@@
Physical | Operations | Observed Data
A wilder wilder-Dam
& poal
?_ Elevation at top of dam (ft) 393.0
& Tailwater
@ Tainter gates Length attop of dam () 1000.0
@ Skimmer gate 1010 ft
4 Skimmer gate 15*20 f Composite Release Capacity
4 Fish ladder
& Power Plant Elevation Controlled | Uncontrolled Total
<> stanchion-stoplags in () (cfs) (cfs) (cfs) 400
355.0 12,727.0 0.0 12,727.0) 4| § 0.7
355.2 12,781.0 0.0 12,781.0/ 0| B &~
355.4 12,877.0 0.0 12,877.0 & 3807
355.6 13,003.0 0.0 13,003.0 TTTTTT
355.8 13,153.0 0.0 13,153.0 0 100,000
356.0 13,327.0 0.0 13,327.0 Flowy
| 356.2 13,525.0 0.0 13,525.0 (cfg)
356.4 13,741.0 0.0 13,741.0
356.6 13,981.0 0.0 13,981.0
356.8 14,227.0 0.0 14,227.0
357.0 14,497.0 0.0 14,497.0
I 357.2 14,785.0 0.0 14,785.0
357.4 15,091.0 0.0 15,091.0
357.6 15,408.0 0.0 15,409.0
357.8 15,739.0 0.0 15,739.0
358.0 16,087.0 0.0 16,087.0
358.2 16,447.0 0.0 16,447.0
358.4 16,825.0 0.0 16,825.0
358.6 17,209.0 0.0 17,209.0
358.8 17, 605.0 0.0 17,605.0
359.0 18,007.0 0.0 18,007.0| «
[ OK ] [ Cancel Apply
8 — —=— = — )

Dam
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lll. Operations

A. Operation Set

Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Wilder’s
“ExistingOps” operational zones, which consist of zones of Flood Control (393 ft), FERC Max Pool (385
ft), Conservation (384.5 ft), Buffer (382 ft), and Inactive zone (380 ft)".

il o
n Reservoir Editor

m— e —— — .u_

Reservoir Edit Operations

Physical | Operations | Observed Data

Resenoir |yilder ~ | Description

I |

) [W](a] 67 of 74 [ [m]

l ----- B Pool Drawdown Rate Limit
- } Max Elev given inflow
oA Buffer
----- B Min Flow below Wilder
----- B Fish Ladder Release
----- [@ Downstream Fish Passage Release
----- [@ Hydropower-Release 95% Inflow
----- @ Pool Drawdown Rate Limit
E-f } Max Elev given inflow
M [nactive

Operation Set | Existing Ops = | Description [:]
Zone-Rules | Rel Alloc. | | |
f--go?uﬂncﬁlr;tvr\?:)elowWilder Storage Zone |Conservation Description L
----- B Fish Ladder Release -
----- @ Downstream Fish Passage Release B
----- B Pool Drawdown Rate Limit -
w-f } Max Elev given inflow Date Top Elevation (ft) -
o FERC Max Pool 01Jan 3845 -
----- @ Min Flow below Wilder 3927
----- @ Fish Ladder Release 390+
----- B Downstream Fish Passage Release & 388
----- [E Pool Drawdown Rate Limit = |
- } Max Elev given inflow % 386
Y conservaton % a0
----- @ Min Flow below Wilder T
----- B Fish Ladder Relgase -
----- [B Downstream Fish Passage Release
----- B Hydropower-Release 95% Inflow 3ra

T T T T T
Jan Mar May Jul Sep Mow

Zone Sort Elevation

[ oK ] [ Cancel

Apply

Figure 5: Reservoir Editor: Operations Tab —Existi

ng Ops OpSet — Guide Curve
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B. Rule lllustrations

Figure 6 shows a set of operational rules specified for each zone that reflects the operation set named

Existing Opsm.

Ei Reservoir Editor

— c—
Reservoir Edit Operations
Resenoir | wilder ~ | Description
Physical| Qperations | Obsemved Data
Operation Set :Existing Ops v:

Zone-Rules | Rel. Nloc.l I |

|.qu Flood Control
[l Min Flow below Wilder
-[@ Fish Ladder Release
-[@ Downstream Fish Passage Release
-[l Pool Drawdown Rate Limit
=-{ } Max Elev given inflow
== |F (inflow=10000 & max elev=385)
: [@ Elevrate of change
E}* ELSE IF (12000=inflow==10000 & max elev=384.5)
¢ [ Elevrate of change
E}* ELSE IF (14000=inflow==12000 & max elev=384)
¢ [l Elevrate of change
E}* ELSE IF (16000=inflow==14000 & max elev=383)
. -[@ Elevrate of change
E}* ELSE IF {18000=inflow==16000 & max elev=382)
¢ [ Elevrate of change
=+ = ELSE IF (20000=inflow>=18000 & max elev=381)
i [ Elevrate of change
== ELSE IF (inflow==20000 & max elev=380)
-l Elevrate of change
| FERC Max Pool
[l Min Flow below Wilder
-[l Fish Ladder Release
--[@l Downstream Fish Passage Release
-l Pool Drawdown Rate Limit
- } Max Elev given inflow
- JConservation |
[l Win Flow below Wilder
-l Fish Ladder Release
-[ll Downstream Fish Passage Release
-l Hydropower-Release 95% Inflow
-l Pool Drawdown Rate Limit
=-f } Max Elev given inflow
|wm Buffer
- Min Flow below Wilder
[l Fish Ladder Release
--[l Downstream Fish Passage Release
[l Hydropower-Release 95% Inflow
-l Pool Drawdown Rate Limit
- } Max Elev given inflow
[ Inactive

Figure 6: Reservoir Editor: Operations Tab — Existing Ops OpSet — Zones and Rules

'3 TransCanada. Connecticut River Operational Constraints. 2012.
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Figure 7 shows a sequential release allocation approach specified for available outlets along Bellows
Falls Dam. The available outlets are given an order of priority for release. The power plant gets the
release first until it reaches release capacity. The Tainter gates get the remainder of the release until
they reache capacity. Then the flow passes through skimmer gate 15*20 and 10*10. After the capacity
through the skimmer gates is reached, the remainder of the release goes through the Fish ladder gate.

n Reservoir Editor

- — e

Reservoir Edit Operations

-Eh].rsical QOperations | Observed Data

Resenvoir |yilder + | Description

0 [w]la]

Operation Set | Existing Ops

~ | Description

Zone-Rules | Rel. Alloc. | |

Release Allocation Strateqy

,_ﬂ Wilder - Balanced
R4 \Vilder-Dam (1.0) - Sequential
&> Wilder-Power Plant
&> Wilder-Tainter gates
& Wilder-Skimmer gate 15720 ft
; g Wilder-Skimmer gate 10*10 ft

Wilder-Fish ladder

Figure 7: Reservoir Editor: Operations Tab — Existing Ops OpSet — Release Allocation

Release Location: \Wilder-Dam
Allocation Type: | Sequential

Wilder-Power Plant
Wilder-Tainter gates
Wilder-Skimmer gate 15*20 ft
Wilder-Skimmer gate 10*10 ft
Wilder-Fish ladder
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C. Rule Descriptions

1. Min Flow below Wilder
Figure 8 shows the content of “Min Flow below Wilder” rule. This rule shows a minimum release

from dam as a function of Inflow.

Operation Set | Existing Ops

v: Description )

Zone-Rules | Rel_AJIoc_I I

#m Flood Control

----- ]

----- [ Fish Ladder Release

----- [B Downstream Fish Passage Release
----- [E Pool Drawdown Rate Limit

-{ } Max Elev given inflow

@ FERC Max Pool

----- [E Min Flow below Wilder

----- [ Fish Ladder Release

----- B Downstream Fish Passage Release
----- [E Pool Drawdown Rate Limit

=-f } Max Elev given inflow

#m Conservation

----- [ Min Flow below Wilder

----- [E Fish Ladder Release

----- [E Downstream Fish Passage Release
----- [E Hydropower-Release 95% Inflow

----- [E Pool Drawdown Rate Limit

- } Max Elev given inflow

i Buffer

----- [E Min Flow below Wilder

----- [ Fish Ladder Release

----- [l Downstream Fish Passage Release
----- i7] Hydropower-Release 95% Inflow

----- [E Pool Drawdown Rate Limit

- } Max Elev given inflow

o [nactive

Operates Release From: Wilder
Rule Name: |win Flow below Wilder Description: =)

Function of |wilder-Pool Net Inflow, Current Value

Limit Type: | Minimum | Interp.: |Linear + |

Flow (cfs) Release (cfs) = 8007
0.0 00| +| = 4001
675.0 675.0 & i
(1]
500000.0 675.0 g ZDD:
T {1 o s s s e e
0 200,000 400,000
Flow {cfs)
[] Period Average Limit
[7] Hour of Day Multiplier

[7] Day of Week Multiplier
[7] Rising/Falling Condition

[7] Seasonal Variation

Figure 8: Reservoir Editor: Operations Tab — Existing Ops OpSet — Min Flow below Wilder
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2. Fish Ladder Release

Figure 9 shows the content of “Fish Ladder Release” rule. This rule shows the specified release

from Fish Ladder gate.

Operation Set | Existing Ops

v: Description @

Zone-Rules | Re|_A]|oc_| |

sl Flood Control

----- W Win Flow below Wilder

----- )

----- B Downstream Fish Passage Release
----- B Pool Drawdown Rate Limit

#-{ } Max Elev given inflow

@ FERC Max Pool

----- W Min Flow below Wilder

----- [\ Fish Ladder Release

----- B Downstream Fish Passage Release
----- B Pool Drawdown Rate Limit

#-{ ¥ Max Elev given inflow

s Conservation

----- [ Min Flow below Wilder

----- [ Fish Ladder Release

----- [l Downstream Fish Passage Release
----- 7] Hydropower-Release 95% Inflow

----- [E Pool Drawdown Rate Limit

#-f ¥ Max Elev given inflow

i Buffer

----- W WMin Flow below Wilder

----- [ Fish Ladder Release

----- [E Downstream Fish Passage Release
----- [E Hydropower-Release 95% Inflow

----- B Pool Drawdown Rate Limit

#-{ } Max Elev given inflow

o, [nactive

Operates Release From: Wilder-Fish ladder
Rule Name: |Fish Ladder Release Description: | Release 25 cfs from May 15-Jul -[.J:

Function of |pate

Limit Type: |Specified ~| Interp: Step |

30

Date Release (cfs) 25+

01Jan 00]-| & 204

15May 25.0 o 15

15.Jul 0.0 © 104
5]

155ep 25.0 o 54
15Nov 0.0 b=

0 T T T T T

Jan War May Jul Sep Mow

[ Period Average Limit

[ Hour of Day Multiplier

[] Day of Week Multiplier

[T Rising/Falling Condition

Seasonal Variation Edit...

-

Figure 9: Reservoir Editor: Operations Tab — Existing Ops OpSet — Fish Ladder Release
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3. Downstream Fish Passage Release
Figure 10 shows the content of “Downstream Fish Passage Release” rule. This rule shows the
specified release from skimmer gate 15*20 ft.

Operation Set :Existing Ops

v: Description

Zone-Rules | Rel. Alloc. | |

# Flood Control
----- [@ Min Flow below Wilder
----- [@ Fish Ladder Release

----- B Pool Drawdown Rate Limit

=-f } Max Elev given inflow

i FERC Max Pool

----- [@ Min Flow below Wilder

----- [@ Fish Ladder Release

----- [B Downstream Fish Passage Release
----- @ Pool Drawdown Rate Limit

- } Max Elev given inflow

o Conservation

----- B Min Flow below Wilder

----- [E Fish Ladder Release

----- [B Downstream Fish Passage Release
----- [ Hydropower-Release 95% Inflow

----- @ Pool Drawdown Rate Limit

= ¥ Max Elev given inflow

o Buffer

----- B Min Flow below Wilder

----- [E Fish Ladder Release

----- [l Downstream Fish Passage Release
----- [ Hydropower-Release 95% Inflow

----- @ Pool Drawdown Rate Limit

= ¥ Max Elev given inflow

o [nactive

""" I~ BDownstream Fish Passage Release

Operates Release From: Wilder-Skimmer gate 15*20 ft

Rule Name: im Fish Passage Release  Descripion: | Release 512 ofs for downstream[)

Function of. |pate

Limit Type: :Speciﬁed v: Interp.: :Step

-

Date Release (cfs)
01Jan 0.0
01Apr 512.0
15Jun 0.0

-

600
500
400+
300+
200
100+

a T T T T T
Jan Mar May Jul Sep Mov

Release {cfs)

[7] Period Average Limit
[ Hour of Day Multiplier
[7] Day of Week Multiplier

Figure 10: Reservoir Editor: Operations Tab — Existing Ops OpSet — Downstream Fish Passage Release
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4. Pool Drawdown Rate Limit
Figure 11 shows the content of “Pool Drawdown Rate Limit” rule. This rule shows the decreasing
elevation rate of change rule.

Operation Set :Existing Ops v: Description E]
Zone-Rules | Rel. A”gc,l |
#h Flood Contral Operates Release From: Wilder

- Min Flow below Wilder ) -

[l Fish Ladder Release Elevation Rate of Change Limit | pgg| Drawdown Rate Limit

[ Downstream Fish Passage Release || pascripti

ption | Drawdown notto exceed 0.3 fhr.

= §Pool Drawdown Rate Limit ]

i-{ } Max Elev given inflow Function OF |
- Constant

J#A FERC Max Pool ; 2

I8 WMin Flow below Wilder Type Decreasing -

--[l Fish Ladder Release ) ' )

--[@ Downstream Fish Passage Release @ Instantaneous

--[l Pool Drawdown Rate Limit
-f } Max Elev given inflow

™ Conservation Max Rate of Change (ft'hr) 0.3
[l Min Flow below Wilder

[l Fish Ladder Release

--[@ Downstream Fish Passage Release
[l Hydropower-Release 95% Inflow
[l Pool Drawdown Rate Limit

- } Max Elev given inflow

@ Buffer

- Min Flow below Wilder

--[l Fish Ladder Release

--[@ Downstream Fish Passage Release
[l Hydropower-Release 95% Inflow
[l Pool Drawdown Rate Limit

#-f } Max Elev given inflow

™ [nactive

Figure 11: Reservoir Editor: Operations Tab — Existing Ops OpSet — Pool Drawdown Rate Limit

(7 Period Average
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5. Hydropower-Release 95% Inflow
Figure 12 shows the content of “Hydropower-Release 95% Inflow” rule. This rule passes 95% of

Inflow through power plant.

peaking operations because the model is a daily time step model.

Wilder was modeled as run-of-river even though it has daily

Operation Set iExisting Ops "i Description l:]
Zone-Rules | Rel. Alloc. | |
wh Flood Control Operates Release From: Wilder-Power Plant

----- [ Min Flow below Wilder ) o

..... [ Fish Ladder Release Rule Name: |,gwer-Release 95% Inflow Description: )

----- [ Downstream Fish Passage Release
""" [@ Pool Drawdown Rate Limit

#-f } Max Elev given inflow

#m FERC Max Pool

----- @ Min Flow below Wilder

""" @ Fish Ladder Release

""" [B Downstream Fish Passage Release
----- [@ Pool Drawdown Rate Limit

=-{ } Max Elev given inflow

. Conservation

----- @ Min Flow below Wilder

""" [@ Fish Ladder Release

----- [B Downstream Fish Passage Release
----- )

""" [@ Pool Drawdown Rate Limit

=-{ } Max Elev given inflow

. Buffer

----- [@ Min Flow below Wilder

----- [l Fish Ladder Release

----- [ Downstream Fish Passage Release
""" i Hydropower-Release 95% Inflow

----- [@ Pool Drawdown Rate Limit

#-f } Max Elev given inflow

o [nactive

Function of |wilder-Pool Met Inflow, Current Value

Limit Type: | Minimum | Interp. |Linear »

Flow (cfs) Release (cfs)

0.0 0.0 «

100000.0 95000.0

Release (rfs)

-

100,000
80,000
60,000
40,000
20,000

1]
0

T T T T 11
50,000

Flowy (cfa)

7] Period Average Limit
"] Hour of Day Multiplier
[7] Day of Week Multiplier

T 1
100,000

Figure 12: Reservoir Editor: Operations Tab — Existing Ops OpSet — Hydropower-Release 95% Inflow
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6. Max Elev given Inflow
Figure 13 shows the content of “Max Elev given Inflow” rule. For each combination of Inflow and
maximum pool elevation shown in the below picture the maximum elevation rate of change
equals zero.

Operation Set iExisting Ops 'i Description L

Zone-Rules | Rel. Alloc. | |

#h Flood Control || Operates Release From: Wilder-Power Plant
~[l Win Flow below Wilder
~[@ Fish Ladder Release Name: |Wax Elev given inflow Description: )
[l Downstream Fish Passage Release
: [l Pool Drawdown Rate Limit Type Mame Description
SR 112 Elev given inflow | 3 F |inflow=10000 & max elev=385
=8 " IF {inflow=10000 & max elev=385) ELSEIF [12000=inflow==10000 & max elev=384.5
P [ Elevrate of change ELSEIF [14000=inflow==12000 & max elev=384
B * ELSE IF (12000=inflow==10000 & max elev=384.5) ELSEIF |16000=inflow==14000 & max eley=383
- [@ Elevrate of change —I| [ ELSEIF [18000=inflow==16000 & max elev=382
E| * ELSE IF (14000=inflow==12000 & max elev=384) ELSEIF |20000=inflow==13000 & max elev=381
- [ Elevrate of change ELSEIF |inflow==20000 & max elev=380
El = ELSE IF (16000=inflow==14000 & max elev=383)
H [B Elevrate of change
EI = ELSE IF (18000=inflow==16000 & max elev=382)
H [@ Elevrate of change
EI -P ELSE IF (20000=inflow==18000 & max elev=381)
: E Elevrate of change
B- -P ELSE IF (inflow==20000 & max elev=380)
------ @ Elevrate of change -
i | m | »
Operation Set | Existing Ops ~ | Description [:

Zone-Rules | Re|_A||c|c,| | | |

.ﬁ Flood Control -
[E Min Flow below Wilder b . o
[l Fish Ladder Release Elevation Rate of Change Limit | Ejey rate of change
[E Downstream Fish Passage Release Description ™
[l Pool Drawdown Rate Limit

=-{ } Max Elev given inflow

Operates Release From: Wilder

m

Function Of. .Cons‘tan‘t v.

EI -P IF {inflow=10000 & max elev=385) : -

[~} Elev rate of change Type Increasing -

El -P ELSE IF (12000=inflow==10000 & max elev=384.5) ) ' )
[@ Elevrate of change 4 @ Instantaneous
I?I -P ELSE IF (14000=inflow==12000 & max elev=384) ) Period Average

P e [l Elevrate of change
El * ELZE IF (16000=inflow==14000 & max elev=383) Max Rate of Change (ft/hr) 0.0
[E Elevrate of change

EI -P ELSE IF (18000=inflow==16000 & max elev=382)
:  [W Elevrate of change

EI -P ELSE IF (20000=inflow==18000 & max elev=331)
S [ Elevrate of change

=3 -P ELSE IF (inflow==20000 & max elev=380)

------ [@ Elevrate of change -
4| m | r

Figure 13: Reservoir Editor: Operations Tab — Existing Ops OpSet — Max Elev given Inflow
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Woronoco

l. Overview

Woronoco dam is located two miles below Russell, MA on the Westfield River. It is owned and operated
by Swift River Hydro Operations Company and is used for hydropower generation.

Figure 1 shows the location of Woronoco Dam as it is represented in the HEC-ResSim model. Figure 2
shows a photo of Woronoco Dam.

Waronoco

afdbrook Diversion :

T W
e d
est Ware
)
)

O Conant Brook_In

Figure 1: HEC-ResSim Map Display Showing Location of Woronco Dam
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Figure 2: Photo of Woronoco dam

Il. Physical Characteristics

The physical characteristics of the reservoir are separated between the Pool and the Dam in the HEC-
ResSim model. The elevation-storage-area defines the pool as shown in Figure 3'**. The dam consists of
two types of outlets: (1) uncontrolled outlet and (3) power plant as shown in Figure 4. The capacity of
the power plant was made to be the maximum release specified in the NID database so that the dam
would modeled completely as run-of-river with some actual physical information.

% National Inventory of Dams database (NID)

> http://www.swiftriverhydro.com/Woronoco%20Hydro.htm
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— ™
n Reservoir Editor E

Reservoir Edit Pool

Reservoir Description | [W])(a] 120174 ][m]

Physical | Operations | Obseved Data|
A woronoco Woronoco-Poal
-&) @
=57 Dam @ Linear Interpolation  (©) Conic Interpolation  Initial Conic Depth (ft) |:|
-4 Power Plant
& Tailwater
Elevati 5t Ar
----- Q Uncontrolled Outlet e;';l]\on (;;a%e (acer:]
0.00 100000.00 0.00
25.00 101830.00 43.00 30
201
=
B g
L -
[V o o
100,000 101,000 102,000
Star {ac-ft)
30
201
=
& 10+
w -
L1 e
0 10 20 30 40
Area (acre)
|
[ ok ][ ocanca

L. = =

Figure 3: Reservoir Editor: Physical Tab — Pool

' - ™
m Reservoir Editor u

Reservoir Edit Dam

Resenvoir [Woronoco v] Description E]| (W][«] 12 0f74|m@
Physical |Qperaﬁons Observed Datal
A\ Woronoco Woronoco-Dam
Elevation attop of dam (ﬂ)| 25_g|
O Tailwater Length at top of dam (ft) | 622.0|
<» Uncontrolled Outlet
Composite Release Capacity
Elevation Controlled | Uncontrolled Total
(ft) (cfs) (cfs) (cfs) 407
0.0/ 10,500.0 0.0] 10,500.0)| 5 307
25.0| 10,500.0 0.0] 10,500.0] ] & & 203
26.0| 10,500.0 1,013.1] 11,5131 | & 103
27.0]  10,500.0 2,865.5| 13,365.5 0o
28.0/  10,500.0 5,264.2| 15,764.2 0 25000
29.0]  10,500.0 8,104.8] 18,604.8 Flawe
30.0] 10,500.0] 11,326.8] 21,826.8|- (cfs)
31.0] 10,500.0] 14,889.5] 25,389.5
32.0] 10,500.0] 18,762.9] 29,262.9
33.0] 10,500.0] 22,923.8] 33,423.8
34.0 10,500.0 27,353.7 37,853.7
35.0] 10,500.0] 32,037.0[ 42,537.0
i
|
OK ] ’ Cancel

L. = =

Figure 4: Reservoir Editor: Physical Tab -- Dam
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lll. Operations

A. Operation Set
Zones are used to define the operational storage in the reservoir to determine the reservoir release
through analysis of the rules contained within each zone. Figure 5 shows the definition of Woronco’s
“Guide Curve” operational zones, which consist of Top of Dam (25 ft), Conservation (24.9 ft), and
Inactive zone (15 ft)*.

( - ™
:I Reservoir Editor [&J

Reservoir Edit Operations Zone Rule IF_Block

Resenoir :wOrgngco v: Description = E@ 12 of 74 @@

Physical | @perations | Observed Data

Cperation Set :Guide Curve Only v: Description [:]
Zone-Rules | | | I
s Top of Dam - -
Conservation
| ‘ Storage Zone Description [:]
wh [nactive Function of | pate
Date Top Elevation (ft)
01Jan 249| - 26
244
= 224
S 20+
=
Z 15+
L
164
14 T T T T T
Jan Mar Wlay Jul Sep MNow 1
I
Zone Sort Elevation
| ok || cancel Apply
L & - _EE T A

Figure 5: Reservoir Editor: Operations Tab —~Guide Curve OpSet — Guide Curve

B. Rule lllustrations

The operation set for Woronco has no rules of operation making it a flow through reservoir. The pool
elevation will remain at the top of conservation unless the inflow exceeds the total release capacity.
This was modeled this way because no real operation information was found.
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